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The LQ-10 Infrared Laser Window Program was initiated at AFCRL 
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DD   IJANM7J   1473 EDITION OF  1 NOV 65 IS OBSOLETE Unclassified 
SECURITY CLASSIFICATION OF THIS PAGE flHien Del« Entered) 

;4\ 

ni/f« 

 ^»»A^teMtaifemB^ 



^fv^^m^W« ,l 
,    .■-■■■■■  .■■"■  ■    ,■■       ■. ■ ■ .■   ■     .:■ 

"i 

Unclassified 
SECURITY CLASSIFICATION OF THIS PAGEfWun Dmtm Bnl»r»JJ 

20.   Abstract (Continued) 

developed to predict the extent of this lensing in various candidate materials 
under a variety of conditions.   This work contributed to selection of appro- 
priate materials,  as well-asjo design of geometrical configurations,  in which 
the lensing could be reducedT^To quantify the effects of thermal lensing, an 
efficient computer program package was developed and programmed to run on 
a CDC6600 computer.   The package was written to handle Gaussian-shaped 
beams incident on either a thin disc- or annular-shaped cylindrical window. 
Three coupled programs make up the package:  TEMP5, which solves the full 
heat transport equation within the window for any given set of initial and 
boundary conditions on each surface; TIKIRK, which solves the vector 
Kirchhoff diffraction integrals for the beam transmitted to the far field; and 
DISPLAY, which plots these temperatures and/or intensities in a variety of 
ways, including three-dimensional perspective views^Volume I of this report 
lays the theoretical foundations underlying these progranlS-and presents 
graphical results for two model problems using disc- and annular-shaped 
windows.   Volume II is a "user's manual."   It describes how each program 
functions,  enumerates the constituent subroutines and subprograms,  gives 
complete Fortran listings, and even provides typical detailed commands to 
initiate and run the programs in both the Intercom and Batch modes of opera- 
tion.   Results of this work should substantially aid engineers in planning con- 
figurations and specifications for current and conceptual systems. 
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Computer Solutions to Heat and Diffraction 
Equations in High  Energy Laser Windows 

Volume  II 

INTRODUCTION 

■ 

.J 

I 

In Volume II we will give a detailed documentation of the Fortran programs 

TEMPS,  TIKIRK and DISPLAY,  explaining how to implement them.   This will 

include:   listings of main and ancillary programs and subroutines, plus an explana- 

tion of their functions; derivations of how the heat,  boundary condition (BC) and 

diffraction intensity equations are transformed into algorithms solvable by the 

computer; flow charts; and,  glossaries of variables for some of the more impor- 

tant subroutines.    Since programs TEMP5 and TIKIRK have been coded to permit 

systems operation under both an Intercom and Batch mode,  we will list typical 

interactive commands and card deck setups which control these two types of 

operation.   Because program DISPLAY can function only in the Batch mode, we 

will list typical card deck setups for its operation. 
Much of the details presented in Volume n appeared originally in the following 

unpublished reports from Parke Mathematical Laboratories, Inc., Carlisle, 

Mass.: 
(i)   N.G.  Parke,  HI, "Program TEMP5, " Sei.  Rpt.  No.  1 (April 1973); also 

documented as AFCRL Rpt TR-73-0039 by the same author. 

(Received for publication 26 November 1976) 
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(ii)   T.B. Barrett, "An Interactive Set of Programs Using Program TEMP5 

for the Determination of Calorimetric Material Parameters from Experimental 

Data on Cylindrical IR Laser Window Materials," Tech. Memo, No.  16 (Oct. 

1973). 
(iii)   T.B. Barrett, "TIKIRK Program," PML Rpt.   HO,  with revision (April 

1974). 
(iv)   T.B.  Barrett, "GETDATA Subroutine," PML Rpt.  Ill (May 1974), 

(v)   T.B. Barrett, "DISPLAY Program, " PML Rpt,   116 (May 1974), 

8.  TEMPS  PROGRAM 

8.1   Introductory Remarks 

Initial attempts to code the numerical solution to the heat and BC equations 

used the Crank-Nicolson method,11   This procedure leads to a pentagonal system 

of linear difference equations, which are usually solved by an appropriate iteration 

technique.12   However,  if the edges of the "net" of points - at which the tempera- 

ture is to be evaluated -is situated at the boundaries,  three problems arise: 

(1) Iteration techniques must be used, 
(2) Symmetry dictates that along the window axis (p = 0) there be no heat flow 

across the window center,  that is. au/9p = 0.    Under this condition, however,  the 

term (l/p)Ou/ap) which occurs in the partial differential equation would be inde- 

terminate. 
(3) A satisfactory finite-difference analog must be found for the general EC's, 

which have the form: 

du/dv + hu = g (38) 

[cf,  Eq.  (32) of Volume 1]. 
These difficulties were resolved as follows: 
(1)   The Crank-Nicolson method was replaced by the Implicit Alternating Dif- 

ference (IAD) method.11   This procedure reduces the algebraic problem at each 

stage to the inversion of a tridiagonal matrix.   The Thomas algorithm is employed 

and iteration is avoided.   The cost of this approach for a problem involving two 

space variables is a two-time-level pair of difference equations. 

11. Carnahan,  B.,  Luther, H.A., and Wilkes, J.O. (1969) Applied Numerical 
Methods. Wiley and Sons, Inc., New York. 

12. Parke, N. G. , III (1971) Technical Memorandum No. 4   Parke Mathematical 
Laboratories, Inc., Carlisle, Massachusetts, unpublished. 
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(2) By applying L'Hospital's rule along the cylinder axis there results: 

himip'hidu/dp) = 32u/9P2- 
p-o 

(3) A suitable finite difference analog for Eq, (38) is established by shifting 

the "net" half an increment off the boundaries. 
To see how the finite difference method is applied, consider a transverse 

cross-sectional cut through the window's center (that is,  the plane of the cross- 

section is perpendicular to the window's faces).   The borders of the resulting 

rectangular cross-section are parallel to the p and £ axes (see Figure 1, Volume 

I).   Because of the rotational symmetry,  only one half of the section need be 

shown.   The geomf-try of the choice of net points superimposed on this cut is indi- 

cated in Figure 19.   The window faces occur at the lines marked ? = l^, and 
5 = £„; the inner and outer cylindrical surfaces are denoted by the lines marked 

p = p, and 1,  respectively. The p, ^ coordinates of each net point are represented 

by the indices i, j,  respectively, with i running from 0 to M+l, and, j running 

from 0 to N+l.    That is. 

Pi Pl + H) 
H) 

Ap    ,     i = 0, 1 M+l 

A?    .     j = 0, 1 N+l 

(39) 

These coordinates are measured relative to the surfaces p^ and g^, respectively. 

All of the net points beaming one or both of the indices 0, M+l and N+l fall outside 

of the window itself and are considered to be "fictitious" or "corner" points. 

8.2  Finite Difference Analogs for the General BC's 

It is now possible to write the finite difference analog of the general BC's for 

the shifted net.    First, we note that the derivative term du/dv in Eq. (38) differs 

for each surface due to the sign conventions chosen for p and ?.   For example,  at 

the surfaces p = p, and p = 1,  the term du/dv becomes - and + 9u/ap, respectively; 

while at the surfaces £ - ?,, and ? = ?2 it becomes - and + du/d^,  respectively. 

Thus,  the finite difference analogs of the BC's become: 

u    . - u,   . u    . + u,   . o^A ^J + h, o'j„ y = 
Ap 12 gi at P = P ! 

u,,.,.,  j - u u,„,,   • + u. 
M+l.j     "MJ^-M+U     "M,j   =  g2atp=1 

Ap 

(40) 

(41) 

for j = 1,2 N-l 
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BASIC 
CALCULATING 
CROSS 

-O 

O 

—     p.   = Pj +   (i-l/2),Ap 

i_ 
Ap 
v 

T 
p = p, 

?=^ ?=?, 

Cj  = Cj +  0-1/2)-A? 

• = net points O  = fictitious points 

+ = unused corner points 

Figure 19.   Geometry of Finite Difference Net.   The boundaries are straddled by 
a net point and a fictitious point 
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Uj   _ - u.   , U;   _+ U. 

A? 3 2 

- u.    , U.      T u.    , 
1^2 ]il + h0    l'0.    I'1  = gg at ? = ?1 (42) 

ui. N+i - ui. N ... h \ m+ \ N 
A? 4 2 

§4 at ? = ? 2 

When ehese are solved for the "fictitious" points,  one obtains 

(43) 

o.J 

r2 - v Api       r2• Ap ■ glI 

[2 + ^.  Ap J U1.3+ L2+h1 ■  Ap J (44) 

I" 2 - h2 •  Ap "I I" 2 ■  Ap •  g^ 
uM+l,j =   L2+h2 '  ^PJ   

UM
'J 

+ [ 2 + h2 •  ApJ 
(45) 

[2 -hg •  Agl [ 2 •  Ag •  g3 I 
ui, o =   [2 + hg .  A? J   Ui. 1 +  L 2 + hg •  A? J 

[ 2 - h4 •  Ag I I" 2 •  Ag •  g4 I 
ui, N+l =   [ 2 + h4 •  A? J    Ui, N + [ 2 + h4 ■  A? J 

(46) 

(47) 

We saw in Section 3.3, Volume I, that all EC's of practical interest can be 

represented by appropriate choices of the g. and h.. With this capability in the 

above analogs,  the resulting computer program becomes very flexible. 

8.3   Finite Difference Equations for I.A.D. Method 

Having set up the "net," we shall now use the I.A. D. method on the parabolic 

heat equation having the general form [cf Eq.  (29),  Volume I] : 

du/dr = 92u/9p2 + p 'ldu/-Bp + 32u/9?2 + q (48) 

where 

2      2 q = A exp (-p   /2CT  ). 
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In the first finite difference equation set,  the analog of the partial derivatives 

with respect to p will be written at the new time level n + 1,  and the analog of the 

^-derivative written at the old level n.   Here, n is even starting with n = 0.   To 

complete the cycle,  the second finite difference equation set is written at the new 

time level n + 2 for derivatives in the 5 direction.   In other words,  the equations 

are now implicit in ?-direction and explicit in the p-direction.    Partial derivatives 

with respect to p are written in terms of values of u at the, now old,  time level 

n + 1,   These "intermediate" values of u are sometimes designated u* (meaning a 

correction).   They are not accurate representations of the u.   This point is dis- 
13 cussed in detail by von Rosenberg. 

Our analogs for the various partial derivatives take the forms: 

(u pp'ij.n+l 
i+lj.n+l 

2ui,i,n+l+ui-l.j,n+l 

(Ap)2 
(49) 

P 
up/U,n+l 

ui+l,j,n+l "ui-l,j,n+l 

^(Ap) 
(50) 

^U.n 
ui,j+l,n " ^i.Ln + ui,j-l,n 

(A?)2 

(51) 

Vu.n+1/2 
"i.j.n+l "Ui,3, n 

(AT) 
(52) 

and 

q(pi,?j) = qiJ 
(53) 

The subscripts i, j merely represent generalized indices and extend over the 

generalized ranges:   i = 1, 2, ..., M and j = 1, 2, ,.., N.   After substitution,  the 

first set of I. A. D.  equations are: 

'&■ 

13.    von Rosenberg,  D.U.  (1969) Methods for the Numerical Solution of Partial 
Differential Equations, American-Elsevier Publishing Co.,  Inc.,  New York. 
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u;,,  i „,, - 2U,1. „., +U,   ,   . „,.,       u.^.,  , „^ -u.  .,   . „J.J Ji+1.3,n+l     "ui.3.n+l     ui-l.j,n+l + "i+l.j,n+l       i-l.j.n+l 

(Ap)2    "" ' "  2p.(Ap) 

u.  .  ,      - 2u.  .      + u.   .   , 
+ 

ui.3 + l.n i,].n       1,3-l.n 
^2 (A?)^ 1.3 

ui.j,n+l ° ui.j.n 

AT 

(54) 

The second set of I.A.D, equations is: 

ui+l,j,n+l '2ui.j,n+l+ui-l,j,n+l + Vl.j.n+l 'ui-1.3,n+l 

(Ap)2 2pi(Ap) 

u. 2u.   .     ,„ + u. 
+    i.j+l.n+2       it;i.n+2       i.3-l.n+2 + q 

(A?)
2 l,i 

u.   .     ,„ - u. .. 
1.3. n+2       i. 3.n+l 

AT 

(55) 

It is convenient to introduce the parameters 

AT 

(Ap)S 
„ -    & _ 

(A?r 
(56) 

Observe that Eqs. (54) are tridiagonal, containing the unknowns 

VlJ.n+l    '     Ui,3,n+1    '     ui-lJ,n+l 

and can be solved by the Thomas algorithm.    Likewise, Eqs. (55) are tridiagonal, 

containing the unknowns 

ui,j+l.n+2 '   ui,3.n+2      '       ui,j-l.n+2 

and can likewise be solved by the Thomas algorithm. 

Before continuing, let us take up the mathematics of the Thomas algorithm 

(which will be incorporated in the subroutine TRIDAG, to be explained later). 

8.4  The Solution of a Tridiagonal System of Equations 

The whole purpose of the implicit-alternating direction method is to reduce 

the number of unknown variables at the "next" time level to three in any one equa- 

tion.    Such a set of equations is called a tridiagonal system that has a relatively 
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simple solution.   This strategy avoids "iteration" techniques of the Crank- 
12 

Nicolson approach, described in Parke. 
The general form of a tridiagonal system of equations is 

blvl+ ^^l 

a2vl + b2v2 + C2V3 = dl 

a3v2 + b3V3 + C3V4 = d2 

aivi.l + biVi + eiVi+l 
= di 

aN-lVN-2 +bN-lVN-l + CN-1VN = dN-l 

aNVN-l + bNVN = dN 

(57) 

where* 

d.  . =. known quantities 

a., b., c. . =. known coefficients 

v.  . =.   unknown quantities . 

The tridiagonal matrix is defined as the matrix of coefficients a, b, c alone 
11 We follow the treatment in Carnahan.        To continue,  the validity of the form 

c. 
i 

vi = Ti-0rvi+i 
(58) 

can be demonstrated.   The constants 7i and j3. are to be determined.   Indeed, sub- 

stitution into the i-th equation of (57) gives 

»i IT 
'i-1 

\V^ K^ v      + b.v. + civi+1 = d.    . 

The symbol . =.   means "is defined as,1' 
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As a result 

v. = 
i aici-i 

ci vi+i 

K      
aiCi-l 

i-l 

where we have the recursion r-lations 

aici-l 
ß.  = b.  -n 

1   1   ^i-l 
:     T; 

di  " Vi-1 
tT 

(59) 

: From the first of Eqs.  (57), we have 

Vl=  b. 

dl      clv2 

where 

M | 
^l   =   bl fl-ä1/ß1 

(60) 

Finally,   from'the last of Eqs,  (57),  we have 

'N 

dN-aNvN-l 
bN 

dN ' aN (TN-l-feVN 

N 
(61) 

where 

'.,'*• 4 

dN " V^N-^       dN " ^'''N-l 
'N •■aNCN-l JN 

''N     • 

N       ^N-l 

(61a) 

i   ! To summarize the complete algorithm for the solution of the tridiagonal system, 

we have 

VN = ^N 
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C.  V. ., 
1   1+1 

vi= 7i - -^r 
;      i = N-l,N-2, ,.., 1 (62) 

where the ß's and 7,s are determined by the recursion formulae 

a. c.   , i   i-l 
"r^-T-T 1 = 2,3 N (63) 

d. - a.7.   , 
1       i'i-l 

h 
1 = 2.3 N 

.5   Pulling ihe I. A.D. Equations into Tridiagonal Form 

Using Eqs.  (56),  the first I.A. D.  set becomes,   from Eq.  (54) 

X[u i+l,j,n+l -^n+l + Vl^n+l1  + 
X •   Ap 

2(p1 + (i - 1/2) •  Ap) 

(64) 

X [u. ["i+l.j.n+l-VlJ.n+ll  =di + ui,j,n+l 

Writing in the standard form 

blulJ,n+l 
+ clU2,j,n+l 

= cJl 

a.u. + b.u.   -     ,, + c.u d: 
iui-l, j, n+1 T uiui, j, n+1     Ti+l, j, n+1     "i (65) 

%4 
II        I 

aMuM-l, j, n+1 + bMUM> j, n+1 = dM 

we find that,   in general,  that is,   for 1*1,  i *M 

i       i i       I 
:■ I 

ai = M1 Ap 
2p1 + (2i - 1) ■ Ap i1-^ 

4 

68 
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b. = - (2X + 1) 

^^(■^P^^-D-Ap)-^'^) 

d. is-^ul.j+l,n-äuy.n + uu'-l,n>-^-qtj-UU,n 

(67) 

(68) 

(69) 

We notice that from Eq. (44) 

aluoJ,n+l 
= al 

p -h1 • Apl f 2 • Ap •  g^ 
[2 +h1 • Ap    Ul.j +L2 + h1 •  Ap J 

(70) 

Hence, we have to change b, according to 

F2 - hi • 
'i *- bi + ai [2Th~r Ap 

(71) 

We also have to change d^ 

[2 • Ap • g1 ] 
ll *" dl ' al [2 + h1 • Ap J 

(72) 

P' i 
I':'-. 
K:': ' i 
B.,?; ! 

R'" 1 
m'''' i i- 

Similarly we have to change b M 

I" 2 - h2 ■ Ap 1 

'M [ 2 + h2 •  Ap J bM - bM + C 

using Eq. (45).    Likewise 

dM *" dM " CM 

p- Ap ■  ggl 
[2 + h2.  ApJ    * 

(73) 

(74) 

It should be observed that as long as j ^ 1 or 3 = N,  the d's require no further 

modification because their computation involves only "net" points at time level n. 

However, when j = 1, the fictitious points u. are involved.   Also, when j = N, 
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the fictitious points uijN+ljn are involved.    The simplest way to handle this is 

to "border" the u.   .  n' array by computing u.^ o> n with Eq.  (46) and u.^ N+lj n 

with Eq.  (47) just be'fore computing the first sets of a, b, c, d for the ?-explicit, 

p-implicit I. A.D.  set. 
To summarize,  in step I we modify b^  d^  bM)  dM having extended u^^ n 

with Eqs.  (46) and (47). 
Now let us turn to step II of the I. A. D. method.    We begin with Eqs.  (55) and 

write 

Mf\3+1.6+2 " 2uU(n+2 + UiJ-l.n+2l   = V^ .^ 
AT •  q. (75) 

These equations are to be written in the standard form: 

blUi,l.n4-2 + ClUi.2>n+2 = dl 

a3Ui. J-l,n+2 + Vu.n+2 + C3Ui.i+l,n+2 = dj 
(76) 

aN ui.N-l, n+2 + bN-l ui. N,n+2 = dN    ' 

We find again that,   in general, that is,   for j ^ 1 or j ^ N 

a. = M      .      b-i = -<2H + D     .      ci = ^      • 
j J J 

X •  Ap 
d3 - -Xlui+l,j,n+l "2ui,3,n+l + Ui-l,j(n+l]   "2p1 + (2i- !)• Ap 

K+lJ.n+l-VlJ.n+l1  -*r- ^-"tj.n+l    ' 

(77) 

Using Eq. (46) for u.  o n+2, we change b1 to 

i  : 
r2 - hg • Ag ] 

bl^bl + al 1.2 + 11,.  A?  J 
(78) 

-XAP/2P. 
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We also change d1 to 

d1 - d1 - a1 

2 •   Ag •  g3 

2 + h„ •  A? 
(79) 

Similarly we use Eq,  (47) for ^ N n^2 to change bN_1 to 

bN ^ bN + CN 

2 - h4 •  Ag 

2 + h, •  A? 
(80) 

and 

dN^dN 'N 

2 •   At;  ■   §4 

A? 2 + h. 
(81) 

Again,  as long as i ^ 1,  or i ^ M,  the d's require no further modification because 

their computation involves only "net" points at time level n + 1.    However,  when 

i = 1,  the fictitious points u    . n+1 are involved.   Also,  when i = M,  the fictitious 

noints u , are involved.   The simplest way to handle this is to "border" 
M+l,],n+l 

the u* = ui ,  n+1 array by computing u^ ^ n+1 with Eq.  (44) and uM+1( .^ n+1 with 

Eq.  (45) before starting on the second half of the I.A. D.  set.    We shall keep the 

0, 2, ,. ., n even level u's in an array U(I, J).    We shall keep the 1, 3, ... n odd level 

u's in an array USTAR(I, J). 

8.6   The Time Coordinate 

The time coordinate T    is constructed so as to be controlled by an integer n 

and an increment AT in a special way.   Because we are using the I.A.D. method, 

the "net" values of temperature are only valid when u is an even integer.    In 

addition,   it should be noted that AT may be changed before entering a new cycle 

involving an alternating difference pair of finite difference equations. 

Initially,  temperature varies relatively rapidly with time.    This means that 

rather closely spaced time units should be selected at which to calculate the tem- 

perature.    Later,  as the temperature approaches its steady state value,  its change 

is less rapid so that it seems reasonable,  especially from the viewpoint of con- 

serving computer time,  to calculate temperatures at much larger intervals of time. 

This can be accomplished by allowing the time interval AT at a particular choice 

of n to increase according to the scheme: 

AT(n) = 2n/nü AT, (82) 
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AT    is some arbitrarily-selected initial value of AT, n is a positive even integer 

and n   is some arbitrary positive integer, called the "doubling count number," 

because when n reaches no, AT will double to 2AT0.   Making no very large is 

equivalent to holding AT(n) = AT0. 

Meanwhile,  the time coordinate Tn is formed according to the prescription: 

It 

^n = 2 E AT(k) = 2ATo Z 
k/n 

(83) 

k=o k=o 

in which k is incremented in steps of 2 up to n.   This prescription will hold up to 

the limit n = nT 
The actual value of n.  will be determined by the parameter 

n , a positive integer which is inputted at the start of the program. The inte- 

g™ranL will be equal to nmax - 2 if nmax is even. or. to nmax - 1 if nmax is odd. 

At n = n.,  the increment is designated by AT(nL) and the time by Tn   .   That is: 

AT(nL) 
nT /n T .'     r 

AT, (84) 

2 AT, 

n. 

k=o 

k/n 
(85) 

For times greater than T     , corresponding to n > nL,  the increment will 

remain fixed at AT(nL), wherefc the time will be given by: 

+ AT(nT) • (n -nT)/2 (86) 

The time T   will keep increasing by these fixed increments until it reaches some 

arbitrarily-fixed upper limit Tmax, at which point the program initiates a termina- 

tion procedure. 
By virtue of another time-control parameter,  the program also makes pro- 

vision for turning the source off and then determining the temperature changes as 

the window cools off.    This occurs at T = Toff, where,  of course, Toff must be 

ST max 
Should T , as determined by Eq. (86), become greater than Toff at the start 

of a time loop,  and if T  ff < Tmax, then the time-incrementing procedure is 

reinitiated.   On the other hand, should Tn exceed Toff at the start of a time loop, 

and if T  pf = T        ,  then the subroutine CYLTMP (to be described later) does not 
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continue with tha calculation, but returns control to the main program.   Thus, 

the actual raaxii lum time value will usually be slightly less than r   .* if the window 

is being irradiated,  and will be slightly less than iv   „„ if the window is experienc- 

ing a cooling phase. 
From the analysis above, we see that, apart from the running index n, 

usually 4, or, at most 5, parameters art; required to control the time coordinate. 

viz' V nma^ 
A:- , T^^^ and *,..,..   The time interval AT can be enlarged by 

increasing AT    or n   „„, or by decreasing n . 
Q liiax o 

8.7  The M.siia Progran: and Principal Subroutines 

The coc'iag accessary to input all of the data,  to carry out all of the required 

calculations,  inchjding the I.A.D. prescriptions, aad finally, to print out the 

results constitutes a major programmed package, na?m5d the TDMPS program. 

This package consists of eight principal subroutines called into execution by one 

very short main program.    This latter progsam has also been designated as 

TEMPS.   However,   ,vhenever we use the term "TEMP5 program" throughout this 

report we will always mean the collective "packa^,      rather than this one main 

program, unless stated otherwise. 

The TEMPS program is composed of the following: 

(1) TEMPS - a very short program whose principal purpose is to call the 2 

principal subroutines DATINIT and CYLTMP. 
(2) DATINIT - a subroutine which inputs all required parameters necessary 

for program operation by a call to subroutine GETDATA. It initializes the prin- 

cipal arrays used by subroutine CYLTMP.   It also calls subroutine GAUSS. 

(ö)  CYLTMP - the "core" subroutine of the TEMPS program.   It calculates 

the temperature u according to the I.A.D. method using both subroutines TRIDAG 

and SPLNI and then the related integrals Fl and F2 again using SPLNI.   It stores 

u, Fl and F2 in unformatted form on a file named TAPES.   These temperatures 

(u) are calculated at the RHO,   ZED lattice points and are designated by the vari- 

able name U(I, J). 

(4) TRIDAG - the subroutine which implements the Thomas algorithms for 

solving a system of simultaneous linear equations having a tridiagonal coefficient 

matrix. 
(5) GAUSS - a subroutine for loading the volume heating source term Q with a 

truncated Gaussian distribution into the program. 
(6) SPLNI - The subroutine which finds the third order spline function for a 

function y(x) given at the points (X(I), Y(I)).   It is used both for integrating the Fl 

and F2 functions as well as for interpolating values of u at the RFIN,  ZFIN lattice 

points, which occur halfway between the RHO,  ZED lattice points.    These inter- 

polated temperatures are designated by the variable name UFIN(I, J).   They enable 
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us to calculate temperatures out to the window's edges.   SPLNI, which follows 

Chapter 8 of Ralston and Wilf, 14 is a modification of the IBM standard Scientific 

Subroutine Package subroutine SPLIE. 
(7) GETDATA - obtains data from the operator.   It can be used as a universal 

inputting subroutine for either the Batch or Intercom modes of operation of any 

program requiring input data.    (More will be said about these two modes later.) 

However, it was written mainly for Intercom operation.   It also calls on subrou- 

tines SSWTCH and RJUST. 
(8) SSWTCH - reads in the first three data values (and prints out appropriate 

messages) for GETDATA control.   (It should be noted that SSWTCH is not the 

same as the CDC Fortran subroutine bearing the same name.) 

(9) RJUST - right adjusts all numerical values. 

The TEMP5 program has been coded to permit operation under either Batch 

processing or Intercom.   The latter mode permits relatively easy interactive use, 

as implemented under CDC Scope 3.4 with the CDC6600. 

The complete Fortran listings for each of the above are given in. Appendix A. 

8.8  Implemenlation of Some of the Subroutines 

8. 8. 1   DATINIT 

The implementation of the TEMP5 program begins with the inputting of all 

required program parameters and the initializing of the working arrays which will 

eventually be used by CYLTMP.   DATINIT accomplishes all of this by a call to 

GETDATA.   Furthermore,  DATINIT assigns default values to the VALUE portion 

of DATAIN, which is an array of TEMPS parameters,  and also assigns names and 

format codes to the NAME and FORMAT portions of DATAIN.    This will be 

described in more detail in Section 8.8.4 on GETDATA. 

A complete tabulation of all the required input data is given in fable 2.   The 

table lists both the data and the variable names, their corresponding default values, 

formats, the particular major programming package in which each quantity is 

ultimately used, and a succinct description.   The default values listed in Table 2 

for the material properties such as refractive index, absorption coefficient, etc., 

pertain to KC1. 
It should be noted that although all of the variables itemized in Table 2 may 

be inputted at this stage of the program, not all of them will actually be used in 

TEMPS.   Many of them will be called up later in the TIKIRK and DISPLAY 

programs. 

14.   Ralston, A.,  and Wilf, H. S. (1967) Mathematical Methods for Digital 
Computers, Vol. II, Wiley and Sons, Inc., New York. 
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Another factor to be noted in Table 2 is that the values of M and N have been 

chosen to be 80 and 20,  respectively.    Since the indices on the RHO and ZED 

coordinates extend from 0 to M+l,  and,  0 to N+l, respectively, this means that 

the net depicted in Figure 3 consists of 82 points along the radial direction and 22 

points along the axis.   Meanwhile, since the indices on the RFIN,  ZFIN coordi- 

nates extend from 1 to M+l,  and,   1 to N+l,  respectively, then the array of points 

at which interpolation occurs consists of 81 points along the radial direction and 

21 points along the axis. 

8.8.2 CYLTMP 

The temperature-related terms U,  Fl and F2 really constitute the principal 

output of the entire TEMPS program.   Computation of these quantities,  as pre- 

scribed by Eqs. (29),  (30),  (16) and (17),  are actually carried out by the subrou- 

tine CYLTMP, with the aid of TRIDAG and SPLNI.   Figure 20 shows a flow chart 

for the CYLTMP algorithm.     Table 3 gives a glossary of the variable names. 

Source turn-off is accomplished in subroutine CYLTMP by setting the volume 

source term (array q) and "boundary" source term (array g) to 0 at the appropri- 

ate time.   At the end of each T-cycle through CYLTMP,  the temperature distribu- 

tion at T + AT has been computed where T is the time at the start of the cycle. 

Thus, a check is made at the start of each cycle to see if T + AT is less than T   «. 

If it is, then the cycle continues normally with the source terms "on."   When 

T + AT first becomes equal to or greater than T  *■., a "flag" is set and a new AT is 

computed such that T + AT = T   *., and the cycle continues.   When the subroutine 

returns to the start of the next cycle, the source term is set to 0.   In addition the 

variable NN is reset to 0 and AT is computed as was done for source turn-on. 

8.8.3 TRIDAG 

This is a subroutine for solving a system of linear simultaneous equations 

having a tridiagonal coefficient matrix.   The equations are numbered from IF 

through L, and their subdiagonal, diagonal, and superdiagonal coefficients are 

stored in arrays A, B, C,   The computed solution vector (V(IF),   , V(L)) is 

stored in array V. 

The mathematical details of all of the steps involved in solving the tridiagonal 

equations have been given in Section 8. 4. 

The coding for subroutine TRIDAG is taken from Carnahan et al    on page 446. 

8.8.4 GETDATA 

8.8.4.1   Description 

This subroutine is designed for inputting problem data when a program is run 

under CDC6600 INTERCOM control.   It may also be used, however,  for inputting 
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Table 2.    Input Data for the Implementation of the TEMPS Program 

(1) (2) (3) (4) (5) (6) (7) 
DATAIN 

Seq. Datum Variable Default Format Useage 
No. Name Name Value Code Code Description 

1* 

3* 

4* 

5* 

II 

12 

13 

14 

15 

N 

II 

12 

13 

14 

15 

N 20 

T Print/punch Fl, 
F2 and param- 
eters. 

T, K     Print TAU, LMDA, 
MU, MN, NO, INIT, 
ICNTR.   Also, 
use 1 if IKIRKP 
option is desired; 
use 2 for IKIRK 
option,   (see Sec. 
9.2.) 

T        Print arrays: KK, 
A. B, C, D, UPRIM 
in CYLTMP; also 
initial values of 
U, USTAR, etc. 

T        Print U and Q 
after initial data 
read-in or com- 
putation. 

T        Print array UFIN 
at every fifth 
value of both RF1N 
and ZFIN. 

6* 16 16 2 0 T Punch array UFIN 
and parameters. 

7* 17 17 2 0 T Print array U at 
the following 
RHO(I) and ZED(J) 
points:   1=2, 2+MI, 
2+2MI, 2+3MI,.., 
<81 
J=2. 2+NI, 2+2NI, 
2+3NI, .., <21. 

8 M M 80 0 T M+l is the number 
of radial points at 
which temperature 
data is outputted. 

N+l is the number 
of axial points at 
which temperature 
data is outputted. 

For II through 17:   If the value is set equal to 1, then appropriate output will be 
printed; if thervalue is set equal to 2, then output will be suppressed. 
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Table 2.   Input Data for the Implementation of the TEMPS Program (Cont.) 

(1) (2) (3) (4) 

Seq. 
No. 

Datum 
Name 

Variable 
Name 

Default 
Value 

(5) (6) 

Format   Useage 
Code       Code 

(7) 

Description 

10 

11 

12 

13 

MI 

NI 

ICNT 

IU 

IQ 

15 

NMX 

MI 

NI 

ICNT 

IU 

IQ 

NO 

NMX 

IRUN 

ICARD 

100 

5 

0 

0 

Every Ml-th 
point in the rad- 
ial direction is 
printed (see 17), 

Every Nl-th 
point in the axial 
direction is 
printed (see 17). 

Array U is 
printed out for 
every ICNT-th 
time cycle (see 
17). 
If 0, temperature 
distribution U 
initialized to U0. 
If 1, Initial tem- 
perature distri- 
bution read-in on 
file tape ICARD. 

If IQ = 0,  initial- 
ize source Q to 
zero. 

If IQ = 1,  initial- 
ize source Q to 
Gaussian. 

If IQ ^ 0, 1 read 
source Q from 
file tape ICARD. 

The arbitrary 
positive integer 
n0 in Eq. (82) of 
text. 

nmax (see Sec. 
8.6). 

Not used. 

Input file for some 
of the input con- 
trolled by IU, IQ. 

_ ■ 
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Table 2.   Input Data for the Implementation of the TEMP5 Program (Cont.) 

(1) (2) (3) (4) (5) (6) (7) 
DA TAIN 

Seq. Datum Variable Default Format Useage 
No. Name Name Value Code Code Description 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

IPRINT 

IPNCH 

ITAP3 

ITAP4 

RHOl 

RH012 

ZED1 

ZED 12 

DTAUO 

TAUMX 

IPRINT 

IPNCH 

ITAP3 

ITAP4 

RHOl 

RHOl 2 

ZED1 

ZED12 

DTAUO 

TAUMX 

0 

1 

-.5546 

1,1092 

.0035 

5.0 

N 

T 

T 

T 

T 

T 

T.K 

Output file for all 
TEMP5 output 
except for some 
of the "inter- 
active" output and 
unformatted tem- 
perature output. 

In original 
TEMPS,  identi- 
fies "punch" out- 
put file. 

Unformatted out- 
put file for time- 
temperature. 

"Interactive" 
input file. 

pl 

Pl2 

h 

Tmax (see Sec.8. 6). 

29 

30 

31 

32 

TAUOFF 

SIG 

Q0 

U0 

TAUOFF      5.0 

SIG . 1292 

Q0 

U0 

0 

Toff (see Sec. 8. 6). 

T, K     Either cr or 
(see Eq.  (33) or 
(37)). 

If you want 
A = ATp/2a2 (see 
Eq. 37),  then set 
Q0 = A.   (Be sure 
A > .001; highly 
unlikely to be 
otherwise). 
If you want 
A = 1/2 a| (see 
Eq. 33),  then set 
Q0 < .001 (say, 
0). 

Initial (uniform) 
temperature dis- 
tribution. 

itei 
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Table 2,   Input Data for the Implementation of the TEMPS Program (Cont.) 

(1) (2) (3) (4) (5) (6) (7) 
DA TAIN 

Seq. Datum Variable Default Format Useage 
No. Name Name Value Code Code Description 

33 EPS EPS .001 1 T Error tolerance 
in spline inter- 
polation. 

34 Gl(l). Gl 0, 0, 0. 0 1 T Surface heat flux 

to 01(2). (see Eqs. (33) or 
GIO), (37)). 

37 Gl(4) 

38 Hl(l). HI o. 1 T Surface heat 

to Hl(2), .0113 transfer coeffi- 
HI (3). .0113 cient (see Eqs. 

41 Hl(4) .0113 (33) or (37)). 

42 MATERIAL     MATER KCL -1 Cylinder material 
identifier.   Used 
for identification 
purposes only. 
It is not "used" 
by any program, 
but can,  of course, 
be printed in 
TIKIRK listings 
and on DISPLAY 
plots. 

43 REF. IND. NX 1.47 I               K Cylinder refrac- 
tive index. 

44 BETA BETA .00048               j I               K Bulk absorption 
coefficient (cm"l). 

45 THER.COND K .0653                 ] L               K Thermal conduc- 
tivity (W/cra^C). 

46 LAMBDA LAMBDA 10.6                   1 I               K Wavelength 
(microns). 

47 SIR SIR -.34E-5            ] K Stress optic coef- 
ficient SP^C)-1. 

48 SIT SIT .05E-5              ] K Stress optic coef- 
ficient S^C)-1. 

49 S2R S2R .1E-5                ] K Stress optic coef- 
ficient S^C)"1. 

50 S2T S2T -. 1E-5              ] K Stress optic coef- 
ficient sl^c)"1. 

51 DENSITY DEN 1.98                   1 K Density (gm/cm^). 

52 SPEC.HEAT CP .691                   ] K Specific heat 
(J/gm-0C). 

53 RADIUS R 1.258                 ] K Radius (cm). 

m 
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Table 2.   Input Data for the Implementation of the TEMPS Program (Cont.) 

(1) 
NATAIN 

Seq. 
No. 

(2) 

Datum 
Name 

(3) 

Variable 
Name 

(4) 

Default 
Value 

(5) 

Format 
Code 

(6) 

Useage 
Code 

(7) 

Description 

54 EXPER EXPER 2 -1 Not u^ed. 

55 PWR PW 24.7 1 K Transmitted 
power P|-, in 
watts (see Eq. 9). 

56 Rl Rl 81 0 Not used. 

57 Zl Zl 11 0 Not used. 

58 R2 R2 1 0 Not used. 

59 PLT ? IY. 
2N 

IPLOT 1 0 Not used. 

60 PROBNO PROBNO 2347 -1 Problem number- 
for plot identifi- 
cation. 

61 TICU TICU .5 Not used. 

62 XLEN XLEN 20. Not used. 

63 YLEN YLEN 9. Not used. 

64 X-SCALE SCALEX 12. Not used. 

65 Yl-SCALE SCALEY1 .2 Not used. 

66 Y2-SCALE SCALEY2 .2 Not used. 

67 
to 
71 

XTITLE1 
2,3,4.5 

XTITLE time 

- 

D The x-axis is 
given a title of 
the form "XTITLE 
scale is n units/ 
tic" where n may 
be scalex.   Also 
parameter title. 

72 
to 
76 

YTITLE1 
2,3.4,5 

YTITLE1 temp- 
deg. C 
above 
amb 

-1 D Similar to 
XTITLE. "sur- 
face" title in 
DISPLAY. 

77 YTITLE2 YTITLE2      mean 
to 2.3.4.5 temp 
81 above 

amb 

82 OPERATOR    NAME GIANINO 

-1 

D 

Not used. 

Plot identification 
(required for pick- 
ing up plots at 
central site). 

M 
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Table 2.   Input Data for the Implementation of the TEMPS Program (Cont.) 

(1) (2) (3) (4) 
DATAIN 

Seq. Datum Variable Default 
No. Name Name Value 

83 XTI radial 
to 2.3,4.5 distance 
87 rho-(cm) 

88 YT1 axial 
to 2.3.4,5 distance, 
92 z-(cm) 

(5) (6) 

Format   Useage 
Code       Code 

(7) 

Description 

-1 

D Title for "x-axis" 
in DISPLAY. 

D        Title for "y-axis" 
in DISPLAY. 

N.B. 0 means "zero"; 0 means "oh". 

Explanation of Columns 

(1) The sequence number of the datum stored in array DATAIN. 

(2) Datum name used by operator when he inputs the data.   This name is a 
character string. E.g.. n means 2HI1 in Hollerith notation. 

(3) The symbolic name used in the TEMPS program.   The same quantity may 
be given a different variable name in other programs that used the quantity. 

(4) The value that will be assigned to each item listed, unless a different value 
is inputted. 

(5) 0 s integer (110) format. 

1 s floating point (E10. 0) format. 

-1 s character string (6A10) format, that is, up to 60 characters are 
permitted. 

(6) N  = not used. 

Y = used in TEMPS program. 

K s used in TIKIRK program. 

D  = used in DISPLAY program. 
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Table 3.   Glossary of Variable Name« *t 

I 

A (I) 

B(I) 

BETA(I) 

C(I) 

D(I) 

DRHO 

DTAU 

DTAUO 

DZED 

Ed) 

EPS 

F1(I) 

F2(I) 

G(I) 

GAMMA 

GAUSS 

GF(X. Y. Z) 

G/H 

G(I) 

G1(I) 
:;■ 

H(I) 

HF(X, Y) 

= .   Tridiagonal system .=. coefficient vectors. 

= .   Tridiagonal system . =. coefficient vectors. 

= .   Auxiliary variable:   Thomas Algorithm for TRIDAG 
matrix inversion. 

= . Tridiagonal system .=. coefficient vectors. 

= . Tridiagonal system .=. coefficient vectors. 

= . Program control parameter .=. Ap = (pg - p^/M. 

= . Time increment parameter . =. AT. 

= . Time increment parameter . =. AT  . 

= . Program control parameter . =. A? = {?2 " ?i)/N' 

= , Space increment array . =. DRHO, DZED. 

=. Error tolerance in iterative steps. 

= . An array of integrals. 

= . An array of integrals. 

= . Coefficient in general boundary condition. 

= .   Auxiliary working variables-Thomas Algorithm (see 
Eq. (58)). 

= .   Subroutine for loading Q with a truncated Gaussian 
distribution. 

= .   Statement function = (2. *Y*Z)/(2. +X*Y). 

= .   Given nondimensional surface temperature. 

-•   Sii So* ^3' ^4'  * =* '::)0undary condition parameter. 

= .   Buffer to retain input G(I).   G(I) modified during program 
execution. 

= .   h., h„, h3, h. . =. boundary condition parameter.    Film 
coefficient. 

= .   Statement function . =. boundary condition . =. 
(2. -X*Y)/(2.+X*Y) (see Eqs. (44)-(47)). 

•■■■■ . / 

The symbol . =. means "is defined as." 

' 0 means "zero"; 0 means "oh." 
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Table 3.    Glossary of Variable Names (Cont.) 

i 

H=0, G=0 

HI (I) 

I 

ICARD 

ICNT 

ICNTR 

IF 

II 

IKEY 

IPM(I) 

IPNCH 

IPRINT 

IQ 

IRUN 

ITAP3 

ITAP4 

ITYPE 

IU 

II 

12 

13 

14 

= 0 

= 1 

= 2 

= 0 

= 1 

No heat crosses boundary , =. physical significc.nce of 
H and G. 

Buffer to retain input H(I).   H(I) is modified during 
program execution. 

Indexing variable. 

Logical device number for card reader. 

Number of I.A.D.  cycles between printouts. 

Number of I. A.D. cycles since last printouts. 

Indexing variable. 

1-1. 

Logical device number for keyboard (or card) input. 

Basic program parameters integer:   see equivalence 
statements. 

Logical device number for the card punch. 

Logical device number for line printer. 

Initialize Q to zero , =. no absorption. 

Calculated Q for Gaussian distribution. 

Read in value of Q. 

Run number. 

Logical device number for TAPES. 

Logical device number for TAPE4, 

Printing out on operators terminal (if possible). 
Logical device number. 

Initialize U (temp) to zero. 

Read in initial value of U. 

Punch and print Fl,  F2,  and parameters.   Control for 
output. 

Print TAU,   LMDA,  MU.  NN.  NO,   ICNT,  ICNTR. 
Control for output. 

Print KK, A, B, C, D, UPRIM . =. Initialize values of 
13,  USTAR, etc.   TRIDAG debug. 

Print U and Q after initial data read-in or computed. 
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Table 3.   Glossary of Variable Names (Cont.) 

i 

15 

16 

17 

J 

JJ 

K 

KK, KS, L 

LMDA 

M 

MI 

MS 

MU 

Ml 

M2 

N 

NP 

NPF 

NX 

NMX 

NN 

NS 

NSEQ 

NO 

Nl 

N2 

PARAM(I) 

Qd, J) 

= . Print I, J,  UFINU.J, K). 

= . Punch UFIN and parameters. 

= . Print I, J,  U(I, J) on half Increment shifted lattice. 

=. Indexing variable. 

=. Varies with J for indexing. 

= . Indexing variable .=. see cross reference. 

=. Indexing variables. 

= . X = A?(Ap) .=. Special parameter. 

=. p-net length .=. M • Ap = 1 -p^ 

= . Step size for output do-loop .=. p-direction. 

= . Number of given data points. 

= . M = AT/(A?)2. 

= . M+l.   Loop indexing variable. 

=. Ml+1.    Loop indexing variable. 

=. Special parameter . =. Count of Tau increments. 

= . Number of time intervals. 

= . Duplicate storage for NF. 

=. Step size for output do-loop .=. zed direction. 

=. N max 

= . n. 

= . Number of Spline Interpolated arguments. 

= . Sequencing index for punched card output. 

= . Delta Tau doubling count. 

= . N+l. 

= . Nl+1. 

=. Basic program parameters, REAL, see equivalence 
statements. 

= . Source distribution. 
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Table 3.   Glossary of Variable Names (Cont.) 

QQ 

QUA (I) 

QO 

REX 

RFIN(I) 

RHO(I) 

RHOl 

RH012 

RI 

RJ 

RM 

RN 

RNN 

RNO 

RRR(I) 

SIG 

SIG2 

SSl(I) 

SS2(I) 

TAU 

TAUMX 

TFIN 

U(l, J) 

UCARD 

UFINd, J, K) 

Working variable used in do-loop for Q(I, J). 

Values of integral SS from X(I) to X(N). 

Control parameter for calculation of Q(I, J) in GAUSS. 

RNN/RNO. 

Even R-Lattice point coordinates. 

Half-interval shifted. 

pr 

l-pr 

II. 

JJ .=.  RJ/2. 

M. 

N. 

Real representation of NN to avoid mixed mode in Delta 
Tau calculation. 

Real representation of NO to avoid mixed mode in Delta 
Tau calculation. 

RFIN(I). 

Variance of Gaussian beam intensity dist. 

SIG squared. 

First derivatives of U. 

Second derivatives of U. 

Nondimensional time .=. T. 

Maximum tau to be computed . =. T max 

Array of T-values for which we take printed or punched 
output. 

Array of nondimensional temperatures on RHO-ZED 
lattice. 

UFIN buffer for card and line printer output. 

U on RFIN-ZFIN lattice at Kth time. 
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UPRIM(I) 

USPLN(I) 

USTARd. J) 

UO 

V 

X(I) 

XR(I) 

XX 

XZ(I) 

YU(I) 

ZED(I) 

ZED1 

ZED 12 

ZFIN(I) 

ZJ 

ZZZ(I) 

Table 3.   Glossary of Variable Names (Cont.) 

Storage of results of solutions to tridiagonal equations. 

Temporary work space used between Rho-splining and 
Zed-splining. 

Intermediate temperature distribution in I. A.D. method. 

U(I, J).    For uniform initial temperature option. 

Computed solution vectors in TRIDAG. 

Array of strictly increasing abscissa. 

RHO(I). 

Work space for desired abscissas. 

RHO protection. 

UFIN(I.J). 

Nondimensional axial coordinate [cm] . =. Z/A. 
■ 

Lower Zed boundary . =. t; -. 

Lattice coordinates that land on boundary instead of half 
shifted position.   Used for CYLTMP Algorithm. 

JJ. 

ZFIN(I). 
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Figure 20.   Flow Chart for the CYLTMP Algorithm (Sheet 1 of 4) 
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Figure 20.   Flow Chart for the CYLTMP Algorithm (Sheet 3 of 4) 
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data when the program is "batched."   The data which is obtained through 

GETDATA is stored in array DATAIN as an n by 3 array,  where n is the maximum 

number of data to be inputted.   Each datum consists of three parts (hence n x 3), 

which is herein referred to as VALUE,  NAME,  and FORMAT.    VALUE is the 

numerical or character string value which will be stored for the datum;   NAME is 

a character string (up to ten characters) by which the datuiu may be identified. 

FORMAT is a code number (-1, 0,  or 1) which is used to indicate that the datum is 

to bft interpreted respectively as:   character string,   integer,  or real (floating 

point) number. 
The first three data required by GETDATA are not part of DATAIN,  but are 

used to control the operation of GETDATA,    In INTERCOM mode each of these 

three data are preceded by questions as follows: 

,      1)   READ DATA FILE -n?- (n is the file number) 

2) DEFAULTS LISTED?- 

3) NAME-VALUE MODE ?- 
The input data is either YES or NO (the default is NO).    If the answer to 1) is 

YES,  then array DATAIN is filled from the first record on TAPE-n.    Normally, 

DATAIN should be filled with defaults in the calling program.    These default 

values will then be replaced by new "default" values obtained from TAPE-n. 

If the answer to 2) is YES,  then the default DATAIN is printed out in the form: 

NAME=VALUE. 

FORMAT is indicated by the form in which VALUE is printed.   Integers are 

numerical values with no decimal point; floating point numbers are printed with a 

decimal point and possibly an exponent.    Character strings are indicated by single 

quotes.   The default values are listed in the order in which they are stored in 

DATAIN. 
If the answer to question 3) is YES,  then the NAME-VALUE input-mode is 

used to input data; otherwise, the LIST mode is used.   These two input modes are 

described in detail below. 
After these "control" data have been inputted,  the DATAIN data are inputted. 

Ö.«.4. 2   List Mode 

In the LIST mode, GETDATA starts out by printing the first NAME in DATAIN 

and then waits for the operator to type the VALUE to be assigned to NAME. Simi- 

larly, it sequences up t;o the last NAME in DATAIN, and then prints out a message 

"data input complete,}* after the last VALUE in the sequence has been given by the 

operator. The operator defaults a value by punching the "space," "carriage 

return" keys (denoted below as SP, CR, respectively). If at any time the operator 

realizes that an error has been made in typing any preceding VALUE (not just the 
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current one),  it may be corrected by typing $, CR.   This causes a shift to the 

NAME-VALUE mode, under which both the VALUE and NAME must be given by 

the operator.   By this means, VALUES which were assigned earlier in the 

sequence can be changed.   After the correct name and value have been given by 

the operator,  the LIST mode continues where it left off.   For example,  if the 

NAME, OPERATOR was listed and the operator had typed $ next to this NAME, 

the same NAME would be typed again upon return from the NAME-VALUE mode. 

It might be noted that if a VALUE has been typed (and not signaled with $) which 

is incompatible with the FORMAT to be associated with that value, then the sub- 

routine automatically goes into the NAME-VALUE mode after typing the message: 

"wrong data type-try again." 

The NAME-VALUE mode has the feature of terminating input, whenever SP, 

CR are typed, when the program is waiting for a new NAME, VALUE pair.   Thus, 

it may be convenient to terminate inputting when in the LIST mode, by typing $, 

then SP, CR after the NAME-VALUE mode has been initiated. 

8. 8. 4. 3   Name-Value Mode 

In this mode,  the program first types out the words "name" (6 blanks) 

"value ",  and then waits expectantly with the type head directly under the 

"n" of "name."   The operator must then type the NAME and corresponding VALUE, 

with the VALUE starting under or after the "v" of "value."   The" " after 

"value" indicate the maximum field for inputting numerical data.   If the operator 

types a NAME which is unrecognizable,  the message "try again" is typed, followed 

by another "name" (6 blanks) value ".   A mistake is corrected by merely 

typing the NAME of the datum to be corrected followed by its correct VALUE. 

(If a format mistake has been made--see LIST MODE--then the message "wrong 

data type-try again" is printed indicating that the name-value should be retyped. 

The "name        value " header is printed only once (or every time an unrecog- 

nizable NAME has been inputted) since thereafter it is easy to start NAME and 

VALUES in the correct positions.   (The typehead is always placed under "n" when 

new data is expected.) 

Data input is terminated by typing SP, CR whenever the typehead is under the 

"n" column of the header. 

The field width for all data is ten.    Specifically, integers (forraat=0) are read 

under 110 format; reals (format=l) are read under E10.0 format.   Character 

strings (format=-l) are read under A10 format, but up to 60 characters may be 

inputted "at once" provided contiguous space in DATAIN has been provided for 

them.   For example, suppose that DATAIN(10, 2), DATAIN(11, 2), DATAIN(12, 2) 

are given the NAMES XTITLE(l), XTITLE(2), XTITLE(3),  respectively (implying 

that space for up to 30 "XTITLE" characters has been provided for),  then the 

entire "XTITLE" could be inputted as follows: 
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NAME VALUE  

XTITLE(l) DISTANCE ALONG X-AXIS (INCHES) 

In the LIST MODE it is also possible to input six numerical data values at 

"one time."   This should only be done when the job is "batched," in which case 

six data values may be placed on one card, each one occupying a 10-column field. 

Data which is not to be changed should be replaced by blanks.   All or some of the 

data may be defaulted by using an end-of-record card after the last data to be 

inputted, causing GETDATA to return to the program or subroutine.   If no data is 

included in the input file a call to GETDATA will have no effect (default DATAIN 

as provided by the calling program will be used), except the end-of-file indicator 

INDIC will be set to 1. 
GETDATA has a special "gimmick" in that if it is called with a value of INDIC 

other than 0, it may be used to input a single datum in the LIST mode.   To be 

used in this mode, INDIC should be set equal to the location in DATAIN of the 

value desired, for example,  50 for DATAIN (50, 1). 

According to standard Fortran practice,  trailing blanks (of numerical values) 

are treated as zeros.    For example,   10E1 would be interpreted as 10El]6)6)(Jl6 (that 

is. 1010000) and 1 would be interpreted as 1^^^ (that is,   1 X 109),   GETDATA 

calls a subroutine (RJUST) which removes all trailing blanks from numerical (but 

not character string) data so that trailing blanks are not treated as zeros, 

8.8.4.4   Entry-Parameter List: 

SUBROUTINE GETDATA (DATAIN.  NV.  UN, IOUT1,  IOUT2.  IIN1,  ISIZE, 

ISIZET, INDIC) Parameters: 

DATAIN - 3 dimensional array of values, names and formats. 

NV - amount of data to be inputted. 

IIN - input file number for GETDATA. 

IOUT1     - "interactive" (primary) output file for GETDATA. 

IOUT2     - secondary output file (stores formatted names and values which are 

returned by GETDATA). 

IIN1 - "scratch" input/output file for reading in "default" values of 

DATAIN and outputting DATAIN as modified by GETDATA. 

(Unformatted i/o). 

ISIZE      - DATAIN is assumed to be dimensioned (ISIZE, 3) in the calling pro- 

gram.   It is the size of the first dimension of DATAIN. 

ISIZET   - 3* ISIZE. 
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INDIC      - an end of file indicator.   A value of 1 is returned if an end-of-file 

on input occurs.   If INDIC is given a value other than 0 in the call- 

ing program,   GETDATA will go into the LIST mode to obtain 

DATAIN (INDIC-). 

When operating under INTERCOM,  files UN and IOUT1 should be "connected." 

The storage required for GETDATA plus its two required subroutines RJUST 

and SSWTCH is 266 words. 

8. 8.4. 5   Algorithm 

All data "cards" are read using 6A10 format.    If the first word is blank,  then 

the subroutine goes to the next "card" (LIST-mode) or terminates (NAME-VALUE 

mode).    In the LIST mode,   fields are searched for the first blank field,  upon 

which the next "card" is read.   In NAME-VALUE mode,  the search is made only 

if the FORMAT code for the datum is -1,   indicating a possible character string 

greater than 10 characters.   In LIST mode,  a search is made of each field to see 

if $ occurs using AFCRL subroutine MXGETX.   If it does, a jump is made to the 

NAME-VALUE mode of input.   All values which are to be interpreted as numbers 

(integer or real) have their character string representations right adjusted using 

PML subroutine RJUST.    The conversion from character string to coded number 

is done with the DECODE statement using the appropriate format (110, E10.0,  or 

A10). 
The CDC subroutine ERRSET is called in case of a bad format. A bad format 

causes a jump  to NAME VALUE mode of input. 

8, 8. 4. 6   Special Caution and Features 

There are three different formats recognized by GETDATA:   floating point 

(E10. 0), integer (110), and character string (6A10). 
These formats are given the codes 1, 0, -1, respectively. The E10.0 format 

converts any decimal number which can be "sensibly" written as a string of ten or 

less characters into CDC6600 floating point number representation. Examples of 

permissible character strings are: 

328.5678E4 

328. 5678+4     (the E may be omitted) 

3285678. 
3285678 (a decimal point is not necessary) 

-5.77E-10 
Specifically, a floating point number may be written with or without an expo- 

nent (which may be indicated by the letter E followed by a signed or unsigned inte- 

ger OR a signed integer).   It may or may not have a decimal point.   Blanks are 

ignored. 
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The 110 format converts any decimal integer which can be written as a 

sequence of 10 or less characters from the set [+, -, 0,..., 9] into a CDC6600 

integer.   Trailing, as well as leading blanks within the field are effectively 

ignored.    This is convenient since it is easier to input 1 for instance, as opposed 

to ^^#^1 or 0000000001,   Note, however, that 3^2 would be interpreted as 

3002,  that is,  intermediate blanks are considered to be zeros.   (Note that an all 

blank field is NOT equivalent to 0 for GETDATA.) 
The 6A10 format allows character strings of up to 60 characters to be inputted 

"at once."   However, one must make sure that sufficient space has been provided 

to receive character strings of length greater than 10, since each computer word 

holds a maximum of 10 characters.   Any of the 64 characters listed in Appendix A 

of the CDC Fortran Extended Manual (more or less equivalent to the set on an 

INTERCOM teletype terminal) are permissible characters in the string.   However, 

the character $ has special significance.   When operating in the LIST mode,  its 

appearance signifies that a mistake has been made in inputting some value,  and 

the subroutine temporarily reverts to the NAME-VALUE mode.   In this mode, $ 

has no special significance and is accepted as a legitimate character, 

GETDATA assumes that DATAIN has been filled with default VALUES,  as 

well as with the desired NAMES and FORMATS.   This initialization of DATAIN 

can be done by the calling program OR by GETDATA itself, by reading in a 

DATAIN record from file IIN1. 

It is usually convenient to equivalence DATAIN to a block of variables in the 

calling program. This simplifies subsequent handling of the values returned by 

GETDATA to the calling program. 

GETDATA also prints out the following error messages to aid the programmer: 

i)   "try again" 

it)   "file n is empty" 

iii)   "wrong data type - try again" 

K4 m 

Occurs when in the NAME-VALUE 

mode and an unrecognizable NAME 

is given. 

Occurs when an attempt is made to 

fill DA TAIN from an empty file. 

Occurs when a bad format is given for 

the datum. 

8   \ 
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9.  TIKIRK PROGRAM 

9.1 Introductory Remarks 

The principal objective of the TIKIRK program is to compute the Kirchhoff 

intensity function,  as given in Eqs.  (23) or (28),  Volume I.   Before this can be 

accomplished,  however,  the file TAPE3 containing the nondimensional tempera- 

ture w versus nondimensional time T,   as outputted by program TEMP5,  must be 

available.   Besides providing the nondimensional mean temperature distributions 

Fl and F2 mentioned previously,  this file also provides as the first record an 

array of constants which are required to dimensionalize the data into real tem- 

perature versus real time (cf.   Sections 3,  4,  and 5 of Volume I and Table 2 of 

Volume II).    For a more complete description of this file,  see Section 9, 5. 

9.2 Program Options 

The TIKIRK program has been set up to operate under two different options; 

each one being brought into play by an appropriate choice of the parameter 12 in 

TEMPS (see Table 2).    The first option uses subroutine IKIRK, which calculates 

the intensity I as a function of space and time for a Gaussian source term.   It 

does so using a 24-point Gaussian integration routine.   It is the option that would 

be used under most circumstances.    The second option constitutes a special test 

case.   A subroutine called IKIRKP is used to evaluate the intensity functions on 

either one of the two mutually orthogonal axes going through the Gaussian focal 

point for the special case of a window having a uniform mean temperature. 

Allowing the control parameter 12 in the TEMPS program to remain equal to 

its default value of 2,  causes the first option to be utilized,  while setting 12 = 1 

brings the second option into play. 

Since the form of numerical quadrature employed in option 11 may not be 

accurate for all parameter values which occur in practice,  a third option,  which 

uses a subroutine called IKIRK1,   is also available.    This program is highly accu- 

rate (because its integration methods are more exact), but it is extremely slow. 

It should be used for relatively small ranges of the space-time variables,   for 

example,  as a "spot check" for IKIRK. 

9.3 Principal Functions and Subroutines 

The TIKIRK program requires that various operations,  such as integration, 

interpolation,  Bessel function computation,  etc., be carried out during the process 

of its execution.    These operations are performed by various function subprograms 

and subroutines.    The names of these functions and subroutines are listed below, 

together with their principal tasks: 
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(1)   TIKIRK - the main program which calls the other subroutines and sub- 
programs into execution.    It also acts as the input/output inter- 

face for the main real functions IKIRK,  1KIRKP and IKIRK1 

(see below). 

(2) IKIRK 

(3) PHI 

- the main real function for option #1. 

- the function which computes *^ 

(4), (5) JO and Jl - real functions; compute J0(pv) and J^pv),  respectively, 

(6)   RTAPE3 - subroutine; reads and linearly interpolates (in time) tempera- 

ture values from TEMPS.    It also linearly interpolates in time 

and then outputs the dimensionalized window temperature 

function in a form suitable for plotting via program DISPLAY. 

(7), (8)   ALI and ATSE - interpolation subroutines for PHI.   ALI uses the 

Aitken-Lagrange method, 

(9) DQG24A   - subroutine; computes x-values for Gaussian integration. 

(10) DQG24B - subroutine; does Gaussian Integration, 

(11) IKIRKP - the main real function for option #2. 

(12) COMPUTE - subroutine; computes the approximations to the integrals 

which are used in option IKIRKP. 

(13) JI - a real function which computes moments of Bessel functions. 

(14), (15)   BESJF and BESJ - a function and a subroutine,  respectively,  which 

compute the Bessel function for a given argument 

and order. 

(16)   GETDATA   - a subroutine for interactively inputting data. 

(17), (18)   SSWTCH and RJUST - subroutine used by GETDATA.    (See Sections 

8. 7 and 8. 8 for more detailed explanations of 

GETDATA,   SSWTCH and RJUST.)   The listings 

for these two subroutines have already been 

given in Appendices A. 8 and A. 9. 

(19)   PRT     - printed output subroutine. 

All three options mentioned above use the same "core package" of the follow- 

ing function subprograms and subroutines in their execution:   TIKIRK,  PHI,  JO, 

Jl,  RTAPE3, ALI,  ATSE,  GETDATA,   SSWTCH.  RJUST and PRT.    In addition to 

these,  option # 1 uses IKIRK plus the subroutines DQG24A and DQG24B,   while 

option #2 utilizes IKIRKP plus COMPUTE,  JI,  BESJF and BESJ. 

We have given this entire package of 19 main programs, subroutines, etc., 

constituting the TIKIRK program for options #1 and #2 only, the permanent file 

name (PFN) of TIBX. 
The complete Fortran listings for each of the above function subprograms and 

subroutines are given in Appendix B. 
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9.4  Inputling the Data 

After program TEMPS has been executed, output file TAPES has been pro- 

duced and the TIKIRK program attached, various program control data and con- 

stants pertaining to the calculation of the intensity function must be inputted, 

regardless of the option desired. A list of these data is given in Table 4. (The 

array containing this information is called DATAINI in the TIKIRK program.) 

The column headings are identical with those of Table 2, except that there is no 

Useage Code column included here.    Their meanings are cited in a footnote in the 

table. 
The total "load" storage required for the TIKIRK program is 56133 B words. 

(The program will operate with a core memory of 60K.)   Single precision is used 

for most calculations.    In fact,  a comparison of IKIRK and IKIRKP indicates 

agreement to 4 significant figures. 
Since the maximum number of sample "v-values" is 100,  then MP should be 

<100.    If more sample values are required,  then array BUF should be dimensioned 

accordingly.    Producing the full array of 100 X 100 function values takes 327 cpu 

sees (with OPT = l). 

■- 

9.5   Program Files 

The TIKIRK program depends on unformatted output from the TEMPS program 

and requires up to 6 files.   The names of the files used are (in the order they 

appear in the program statement): 
TAPE4    - "Interactive" input file for inputting data via GETDATA.    It is used 

for formatted read and must be set to INPUT for batch operation. 

TAPES    - "Interactive" output file for outputting messages from GETDATA and 

and for outputting a small amount of program flow information, 

TAPES    - Unformatted file outputted by TEMPS.    This file,  among other 

things,  contains the mean temperature distribution functions Fl 

and F2 required by IKIRK and IKIRKP.    In addition,  the first record 

is the 100 by 3 array referred to as DATAIN containing various 

constants required by TIKIRK and contained in Table 2.    The follow- 

ing temperature records are assumed to be of the form: 

NF,  TFIN,  RFIN(82),   2FIN(22),   UFIN(82, 22),  Fl(82),   F2(82) 

TAPE?    - Unformatted file containing the intensity distribution function in a 

form suitable for DISPLAY.    The first two records are the 100 by 3 

data arrays DATAIN and DATAINI,   the contents of which contain 

all pertinent program parameters as well as labeling information 

for DISPLAY.   All subsequent records are of the form: 
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Table 4.    Program Control Data and Constants Pertaining to the Calculation of 
the Intensity Function.    The column headings are identical with those of Table 2, 
except that there is no Useage Code column included here. 

(1) 
Seq. 
No. 

(2) 
Datum 
Name 

(3) 
Variable 

Name 

(4) 
Default 
Value 

(5) 
Format 
Code 

(6) 

Description 

1 XO XO 1500. Gaussian focus X   (meters) 

2 XI XI 1000. Minimum X-value (meters). 

3 X2 X2 2000. Maximum X-value (meters) 

4 RHOP1 RHOP1 0. Minimum p1-value (cm). 

5 RHOP2 RHOP2 2. Maximum p!-value (cm). 

6 MP MP 100 0 To calculate J values of 

I 
I ■ 

19 

NP NP 

MINT MINT 

20        IPRNT       IPRINT 

21        NGAUS      NGAUS 

100 

8 Tl TIM(l) 10. 1 

9    , T2 TIM(2) -1 1 

17 T10 TIM(IO) -1 1 

18 EPSI ^EESI .001 1 

24 

intensity along the p' (or v) 
axis,  where J = any integer, 
and have each calculation 
spaced by p'mgL^/J (or 
vmax/J) units,  set 
MP = J + 1. 

To calculate K values of 
intensity along the X (or u) 
axis,  where K = any inte- 
ger,   and have each calcula- 
tion spaced by (Xmax - 
xminVK [or. (umax - umin) 
/K]  units,   set NP = K+ 1. 

Array of time values for 
function evaluation (sec- 
onds).    Note that if 
H+l *■ ''i then the program 
stops.    Never set Tl = 0; 
use some small number 
instead,  e.g.,   1E-6. 

Used by IBM Sei.  Sub. ALI 
in interpolation of $'3, $   . 

Used by IBM Sei.  Sub. ALI 
and ATSE in interpolation 
of $p and <&0,   MINT is the 
number of points used in 
the interpolation. 

Use 1 for controlling debug 
output.    Use 2 when produc- 
ing a TAPES file for plotting 
purposes. 

Number of points for Gaus - 
sian integration.    Note that 
this number should be 
changed if and only if the 
Gaussian integration sub- 
routine is changed. 

I'     j 1="  I 
|;    t 

! -■      1 

I 
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Table 4.    Program Control Data and Constants Pertaining to the Calculation of 
the Intensity Function.    The column headings are identical with those of Table 2, 
except that there is no Useage Code column included here.  (Cont.) 

(6) 

Description 

(1) (2) (3) (4) (5) 
Seq. Datum Variable Default Format 
No. Name Name Value Code 

i i •; 1 

22        MODE        MODE 2 0 Use 1 if you want I(X, p', t). 
Use 2 if you want V{u, v, t). 
(See Eqs.  (28) and (23)). 

Minimum u-value. 

Maximum u-value. 

Minimum v-value. 

Maximum v-value. 

"Surface" title (see 
DISPLAY). 

"Parameter" title (see 
DISPLAY). 

"X-axis" title (see 
DISPLAY and note below). 

"Y-axis" title (see 
DISPLAY and note below). 

Of the J values of intensity 
calculated along the p' (or 
v) axis (see MP),  every 
MSKIP-th value will be 
printed out. 

48        NSKIP - 5 0 Of the K values of intensity 
calculated along the X (or u) 
axis (see NP),  every 
NSKIP-th value will be 
printed out. 

NOTE:   If mode = 1,   then the above x, y-titles are replaced by "radial distance, 
rho-prime (cm)" and "axial distance, X (relative to gauss focus) (cm)," respec- 
tively. , 

N.B.   0 means "zero; o means "oh". 

Explanation of Columns 

(1) The sequence number of the datum stored in array DATAINI. 
(2) Sam« as in Table 2. 
(3) The symbolic name used in the TIKIRK program.   A blank variable name means 

that that part of DATAINI has not been equivalenced to another variable. 
(4) Same as Table 2. 
(5) Same as Table 2. 

23 UMIN UMIN -40. 1 

24 UMAX UMAX 40. 1 

25 VMIN VMIN 0. 1 

26 VMAX VMAX 10. 1 

27 ST1 - Kirchhoff -1 
to 2,3.4,5 intensity 
31 function 

32 PTI _ Time -1 
to 2,3,4,5 (seconds) 
36 

37 XTI - Nondimen- -1 
to 2,3,4,5 sional radial 
41 distance, V 

42 YTI _ Nondimen- -1 
to 2,3,4.5 sional axial 
46 distance, U 

47 MSKIP - 5 0 
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I,  NP,   U.  T,  MP,  XMIN, XMAX,   (MP intensity values) 

where 

I = 1 NP for each value of time,  T 

NP = number of axial points 

U = axial distance (either u or x depending on mode) 

T = dimensionalized time 

MP = number of radial points 

XMIN    = minimum radial distance (either VMIN or RH0P1 

depending on mode) 

XMAX   = maximum radial distance (either VMAX or RH0P2 

dep ending on mode) 

TAPES    - Unformatted file containing the temperature distribution function 

in a form suitable for display.   The first record contains the 100 

by 3 data array DATAIN.   All subsequent records have the same 

form as that listed above for TAPE? except: 

U = distance along window axis (cm) 

XMIN    = inner window radius (usually 0) 

XMAX   = outer window radius 

(MP temperature values) 

TAPE6    - Formatted '-'.output" file.   This file contains output suitable for 

printing in the following sequence: 

1) Contents of DATAIN 

2) Contents of DATAINI 
3) Array of x-values used for Gaussian integration (if IPRNT = 1 and 

IKIRK is called). 
4) I,  U, XMIN, XMAX, T every r     I value 

Intensity (I, J),J=1,MP, 5 if IPRNT = 1 

tA)  Impleraenlitig the Program 

9. 6. 1   GENERAL INSTRUCTIONS 

All of the TIKIRK data listed on Table 4 are inputted by two calls to subroutine 

GETDATA,  regardless of the option desired.   Normally,  in the first call to 

GETDATA the required data (viz,  the first DATAIN array) are obtained from file 
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TAPES by answering "yes" to the query READ DATA FILE-3? Then no changes 

are made to these data by returning a "space" in the "name value" mode of 

inputting data.    On the second call to GETDATA,  the operator always answers 

"no" to the query READ DATA FILE-7?   and "yes" to the query NAME-VALUE 

MODE?   At this point he enters the names and values of all of the input data whose 

numerical values differ from the default values as shown in Table 4. 

The above information is sufficient for inputting the data when using the first 

option (that is,  IKIRK).    However,  for those circumstances in which options #2 or 

#3 are desired,  additional instructions are required and will be discussed in the 

next two sections. 
Typical detailed commands which can be used to run all of the programs in 

both the Intercom and Batch modes are listed in various Attachments after Section 

11.   The "A" attachments pertain to full system operation in the Intercom mode; 

the "B" attachments exhibit typical control deck setups used to operate the system 

in the Batch mode. 

Attachment 1 shows how to initiate and run a typical TEMPS- and TIKIRK- 

type calculation, catalog the results on permanent file and then print out these 

results.   If a TEMPS calculation has already been made and cataloged.  Attachment 

2 reveals how to change a few of the input variables so that a new temperature dis- 

tribution may be obtained.   If the TEMPS calculation has been completed and 

cataloged. Attachment 3 indicates how to make changes in the TIKIRK parameters 

so that either a different portion of the former diffraction pattern or a completely 

new diffraction pattern will be produced with each change.   Attachment 4 lists the 

commands necessary to produce the file, called TAPES,  which contains the tem- 

perature distribution in the window.    This file is required in order to plot the 

temperatures. 
Throughout all of the attachments,  PPN stands for "permanent file name" and 

LFN for "logical file name." 

9. 6. 2   SPECIAL INSTRUCTIONS FOR IKIRKP OPTION 

As mentioned previously,  the IKIRKP option will be employed when 12 = 1 in 

TEMPS.   It then calculates the intensities along either the X- or the p'-axes if 

MODE is set equal to 1,  or,  along either the u- or the v-axes if MODE=2.   The 

choice of the value for MODE is made,  of course,  at the second call to GETDATA 

when inputting the data for the TIKIRK program.    Specifically,  IKIRKP assumes 

that the window temperature is constant throughout and that it may or may not be 

a function of time.    This assumption considerably simplifies the integrations 

delineated in Eq. (23),  Volume I, which lead to the intensity function.   The details 

of the mathematics leading to the evaluation of I'(u, 0, t) and V(0, v, t) are enumer- 

ated in Appendix C. 
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In addition to this choice of 12,   a few other input parameters in TEMP5 must 

be fixed to assure that all of the conditions imposed on the window are properly 

accounted for.    If the window temperature is to remain fixed with time (implying 

that there is no source),   the IQ must be set to zero and UO to the appropriate 

temperature.   Also,  all H1(I) must equal zero,  otherwise,   if the window tempera- 

ture is allowed to vary with time,   then IQ must be set equal to 1,   U£ to the appro- 

priate initial temperature and all H1(I) to zero.    Furthermore,   the numerical 

value of a   must be 2:0. 601 (corresponding to a < 0. 8325),   otherwise,   the message 

"a* * 2 is out of range" will be outputted.    The reason for this restriction on a is 

given in Appendix C. 
In Table 5 we list the values that should be used for certain TIKIRK input 

parameters whenever IKIRKP is employed. 

Table 5.    Values Used for Certain TIKIRK Input Parameters Whenever IKIRKP 
is Employed. 

MODE Intensity Function Wanted MP NP XI X2 RHOP2 

1 KX, 0, t) 1 =i< * * | 

KO.p'.t) * 1 ixoj >](        i 

MODE Intensity Function Wanted MP NP UMIN UMAX VMAX 

2 I'(u, 0. t) 1 =;< ;'; * - 

r(o, v, t) * 1 0 - *        i 

*Means that operator should insert whatever value he desires. 

-Means that that particular parameter is of no consequence. 

The commands listed in the attachments apply equally as well to the IKIRKP 

option. The only responses which the operator will change will be those special 

values of the input parameters discussed above. 

H -  it 

9.7   The IKIRK1 Option and an Allernale TIKIRK Package 

The IKIRK1 option #3 is not contained in the TIKIRK program as described in 

Sections 9. 1 through 9. 6.    However,  a second TIKIRK program package has been 

assembled which not only offers option #3 but incorporates #1 and #2 as well. 

Thus,   it can be substituted for the original program,   if desired.    This package 

consists essentially of four parts,   each one to be stored in the computer under its 

own PFN.   The first part contains a main program,  also called TIKIRK,   plus those 

i. :   I 
103 

i..;,,.;,:,^.:,.^;^,'.,.! 



wmwmmi ^^i^^W^^Mm^^.^M^M|y^iH| 

' :' ■■■■■■' ■      ■ ■ 

K.'.= 

; 

function subprograms and subroutines making up the "core package" listed in 

Section 9.3 (viz,   PHI,  JO,  Jl,  RTAPE3,  ALI,  ATSE,   GETDATA,   SSWTCH, 

RJUST and PRT).   This "core package" will be utilized by the last three parts. 

The main program,  called TIKIRK,   is a slightly modified form of the main pro- 

gram TIKIRK first introduced in Section 8.3.   As before,   its principal role is to 

call the other subroutines and subprograms into execution.    Since this first part 

would play a major role in computing the diffraction pattern of the transmitted 

beam and call upon the various options,   it too has been given the PFN of TIBX by 

us, whenever it has been used. 
The next three parts pertain to options #3,  #1,  and #2 in that order and we 

have assigned them their own partieular PFN.    Each one of these parts includes 

a major function subroutine which is also given the name IKIRK.   The modified 

TIKIRK main program mentioned above,  summons a given option by putting in a 

call to IKIRK.   Which IKIRK (and its concomitant subroutines) gets executed 

depends upon which one was attached just previous to the call.    (It should be noted 

that in this alternate TIKIRK package,  the control parameter 12 no longer plays 

any role in determining which option will be utilized.)   This procedure is demon- 

strated in Attachment 5,  which lists typical control commands for running this 

new TIKIRK package under either Intercom or Batch mode of operation: 
The second part,  as noted above,  pertains to option #3 (IKIRK1).   Besides its 

major function subroutine IKIRK,   it contains the following three subroutines: 

(1) FREAL1 - computes the products of the functions f  f   and f  f   (see Eqs. 

23-27,  Volume I).    It has 4 entry points since actually 4 functions have to be 

integrated. 
(2) DCADRE - an integration subroutine from the IMSL set of routines.    It 

requires the external function subroutine FREAL1 as one of the arguments. 

(3) UERTST - required by DCADRE to output error messages. 

We have stored this second part under the PFN of IK1BX. 

The third part pertains to option #1,  which was also referred to as IKIRK in 

Sections 9. 2-9. 6.   Besides its major function subroutine, called IKIRK, it contains 

the two subroutines DQG24A and DQG24B,  mentioned in Section 9.3.   To this part, 

we have given the PFN of IKBX. 
The fourth part contains option #2 (IKIRKP).    Besides its major function sub- 

routine,  called IKIRK,   it utilizes the four subroutines COMPUTE,  JI,  BESJF and 

BESJ,  previously mentioned in Section 9.3.   We have given the PFN of IKPBX to 

this part. 
The Fortran listings for the modified TIKIRK program - the three major 

function subroutines which are each called IKIRK and which lead into each of the 

three options,  as well as the subroutines FREAL1,  DCADRE and UERTST -are 

given in Appendix D.   All of the other subprograms and subroutines mentioned 

above are the same as those listed in Appendix B. 
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It has already been noted that option #3 (IKIRK1) is exceedingly slow.   How- 

ever,  it may be possible to speed it up by increasing the absolute and relative 

errors which are presently set at 10      and 10    ,  respectively.   In addition,  the 

maximum value of the error parameter IER in DCADRE,  as well as the maximum 

estimated bound on the absolute error in integration,   is always printed out. 

Whenever the results of IKIRK1 disagree with the results of IKIRK (option #1), 

those of the former should be preferred because of its greater inherent accuracy. 

i; 

10.  DISPLAY PROGRAM 

10.1   Introductory Remarks 

Program DISPLAY is a general purpose program for displaying two-dimen- 

sional arrays of numbers which,   intuitively at least,  can be thought of as a surface 

which has been sampled over an evenly spaced grid.    The array size is essentially 

limited (by computer storage capabilities) to a maximum of 100 by 100; there is 

no minimum size other than the practical one that it does not make good sense to 

use a program such as this to display a single point.    However,  it may make sense 

to use the program to display one-dimensional arrays; for example,  an array of 

size 1 by n.   As will be explained in detail later,  three types of display are offered 

by the program:   contour map,  perspective view,  and multiple cross sections 

(parallel to two rectangular coordinate axes only).    Moreover,   the program is 

designed to display several such arrays at one RUN with the idea in mind that 

these arrays represent the evolution in time (or with some other parameter) of a 

function of two variables. 

In addition to merely plotting the arrays in one or more of the above mentioned 

forms,  this program labels all plots (provided the labeling information is furnished) 

and lists pertinent experimental parameters (if desired).   Most of this labeling 

information is supplied in one or more data arrays,  the structure of which has been 

described in DA TAIN (see Section 8. 8).   The rest of the labeling information is 

provided in the records which contain the array rows. 

Program control is afforded by a set of input "commands" which are supplied 

by input cards.    The program interprets each command,  obeys each command, 

and terminates when all commands have been followed (or when time runs out). 

Before the program is used,  it must be somewhat "tailored to fit."   This is 

accomplished through the use of a fixed number of input data which must be sup- 

plied in entirety.   Examples of such data are:  plot id, maximum plot size, array 

of indices for obtaining labeling information,  etc.   A complete list of such data is 

provided in Section 10.2. 
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The program allows for selection of the starting "time" and its increment 

assuming that the surface to be displayed is a function of "time."   ("Time" may be 

any suitable parameter.)   A surface cross-section may be displayed as a function 

of time on a single coordinate frame. 

10.2   Genera) Inslruclions 

The surfaces to be displayed are assumed to be stored on file TAPES in unfor- 

matted records where each logical record consists of one "row" of the mp x np 

array of floating point numbers representing the surface.    In addition,  each record 

contains the information:   row number (I),   total number of rows (NP),  y-value to 

be associated with that row (Y),  parameter value (if any) to be associated with (T), 

number of samples in the row (MP),  x-value to be associated with the first element 

of the row (XMIN),  x-value to be associated with the last element of the row 

(XMAX).    Specifically,  each record must have the form: 

I,  NP,  Y,   T,  MP,  XMIN,  XMAX,   (F(I, J;T), J = l, MP) 

where F(', • ;T) is the function to be displayed.    Thus,  for each value of the param- 

eter T,  NP logical records represent one "surface."   Several such "surfaces" 

corresponding to several values of T may be stored on file TAPES and exhibited by 

DISPLAY. 
In addition to the above mentioned "surfaces," file TAPES may contain any 

number (including 0) of " information" records,   the contents of which include infor- 

mation (such as experimental parameters) which should be printed on each plot and 

plot titles.    Each such information record must be an array (which will be called 

here DATAIN) of the form DATAINdOO. S).   Thus,  each datum is represented by 

three parts called (in the order in which they appear) VALUE,   NAME,  and 

FORMAT.    DATAIN is stored in unformatted form.    VALUE is the numerical or 

character string value of the datum,  NAME is a character string of up to ten 

characters which may be used to identify the datum, while FORMAT is a format 

code number (-1, 0 or 1) which specifies whether the datum value is to be inter- 

preted as a character string (-1),   integer (0),  or floating point number (1).    (See 

GETDATA,  Section 8. 8. 4.) 
These DATAIN records (if any) must be the first records on file TAPES. 

Titles (if any) must appear only in the last DATAIN record. 
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Data Card #1 

(1) XMAX (100.) 

(11) YMAX (12.) 

(21) PPI (10.) 

(31) TICU (.5) 

(41) XLEN (10.) 

(51) YLEN (8.) 

(61) SCALEX (1.) 

(71)       SCALEY (1.) 

10.3   DataCards 

The following data cards must be inputted to tailor the program for the user's 

particular application.   The number in parenthesis in front of each datum name is 

the card column at which to start the datum.    The number in parenthesis following 

the datum is the default value of the datum.   If the default value is to be used, 

leave the corresponding card field blank. 

Maximum plot length in inches. 

Maximum plot width in inches. 

Number of points/inch for contours. 

Number of inches between tic-marks for user 

defined x-y plots. 

x-y plot coordinate frame x-size. 

x-y plot coordinate frame y-size. 

x-y plot x-scale, that is, no. ofx-units/ 

tic-mark. 

x-y plot y-scale, that is, no. ofy-units/ 

tic-mark. 

The minimum x-value and y-value to be plotted 

for user-defined x-y coordinate frame x-y plots. 

User's name to appear on plot. 

4-digit user's problem number. 

This card provides information for the two-dimensional array INDEX, which 

is the index of locations for labeling information assumed to be contained in the 

last DATAIN on the file containing the surfaces to be plotted.   INDEX consists of 

pairs of numbers wherein the first number is the starting location of the label and 

the second number is the length of the label.   If there is no such data, then this 

card may be left blank and the labeling will not be done.    If the letter D is placed 

in column 1 of this card,  the default values shown below are used.   In addition to 

the values of INDEX, the field starting in column 41 should contain the number of 

DATAIN arrays on TAPE3. 
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Data Card #2 

(1)         XMIN (0.)         V 

(11)       YMIN (0.)         j 

(21)       NAME (GIANINO) 

(31)       PROB. NO. (2347) 

Data Card #3 

I»     t 
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(1) INDEXd, 1) (1) 

(6) INDEXd. 2) (30) 

(ID INDEX(2, 1) (4) 

(16) INDEX(2, 2) (30) 

(21) INDEX(3, 1) (7) 

(26) INDEX(3, 2) (30) 

(31) INDEX(4, 1) (10) 

(36) INDEX(4> 2) (30) 

(41) NDA (2) 

Surface title. 

Surface title length (characters). 

Parameter title. 

Parameter title length. 

x-title. 

x-title length. 

y-title. 

y-title length. 

Number of DATAIN arrays on TAPES.   The 

INDEX information is taken from the last 

DATAIN array. 

We employ the following numerical values on data card #3 for displaying the 

intensity (using TAPE?) and the temperature (using TAPE8): 

forTAPE?:       27       29       32        14       37       33       42       32 

for TAPES:       72       20       67       13       83       24       88       31        1 

Data Cards #4A,  4B,   etc. 

These cards contain the sequence numbers of data in DATAIN which are to be 

listed at the beginning of each run of DISPLAY.    The sequence numbers pertaining 

to the TEMPS parameters have been listed in Table 2,  while those pertaining to 

the TIKIRK parameters have been listed in Table 4.    There must be one card for 

each DATAIN array (see the last entry number in data card #3 above).    For exam- 

ple,  in our particular data card #3 above for the TAPE7 case,   the default value of 

2 is implied as the NDA entry,  signifying that 2 cards must be used.   The first 

card contains the sequence numbers of the TEMPS parameters,  while the second 

contains the sequence numbers of the TIKIRK parameters.    The objective is to 

list both sets of parameters on the plots.    In data card #3 above for the TAPES 

case, the NDA value of 1 was employed,  indicating that only one card is to be 

used,  viz,  that containing the sequence numbers of the TEMPS parameters which 

are to be listed on the plots. 
The sequence numbers start in columns 1, 3, 5, 7, for a total of up to 40 

indices per card.   The default is a blank card.   When the default is used, no 

DATAIN data is to be listed. 
The above cards comprise the mandatory data cards.   The remaining cards 

are the "command" cards which indicate what kinds of plots are wanted. 
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10,4    Command Cards 

As stated previously,  the DISPLAY program has the capability of 3 different 

types of plots, viz, multiple x-y, perspective view and contour map.   Conse- 

quently,  there is a command to control each type and they are indicated by the 

keywords PLOT,  PERSPECTIVE and CONTOUR,   respectively.    The abbreviations 

PL, P and C,  respectively,  may also be used.   These keywords are modified by 

certain parameters p..    We now enumerate all of the modifying parameters of 

these command keywords and their meanings: 

(1)   Command:   PLOT (p^  p2,  p3,  P4,  P5,  Pg) 
The parameters p^ p2, p4 and p5 are integers.   In the process of creating a 

TAPE? or TAPES file,  up to ten times had to be chosen at each of which a temper- 

ature or an intensity distribution was calculated.   These ten times were designated 

by the datum names Tl, T2,   , T10 (see Table 4).    The first two parameters 

in the above command allow for control in selecting which times are to be chosen 

in the DISPLAY program.    For example,   the above command directs that the 

appropriate data corresponding to every p^th time value is to be displayed, start- 

ing with the Po-th value (that is,  Tp2). 
Recall that both the temperature and the intensity can be plotted either as a 

function of radial distance or of axial distance.    The parameter p3 can account for 

either of these two types of plots by taking on the code symbol X when it is a radial 

distance plot that is desired, or, the code symbol Y,  when the axial distance plot 

is wanted. 
For a temperature calculation,  the TEMPS program sets up a net of 82 tem- 

perature points in the radial direction (r), extending from the inner to the outer 

window radius,  and 22 temperature points in the axial direction (z),  extending from 

the entrance to the exit faces.   Consequently, there are 22 cross-sectional surfaces 

of T versus r (that is,  22 type-X plots) and 82 cross-sectional surfaces of T versus 

z (that is,  82 type-Y plots).   Thus,  depending on the symbol given by p3,  the above 

PLOT command directs that on one coordinate frame every p4-th T-versus-dis- 

tance surface is to be plotted starting with the Pg-th surface. 

On the other hand, for intensity calculations, the TIKIRK program establishes 

a net in the far field consisting of NP intensity points along the axial line (X), 

extending from some minimum to some maximum axial distance, and MP intensity 

points in the radial direction (p1),  starting from the axial line and going perpendic- 

ular to it.   Consequently,  there are NP cross-sectional surfaces of I versus r 

(that is, NP type-X plots) and MP cross-sectional surfaces of I versus z (that is, 

MP type-Y plots).   Again,    depending on the symbol given by p3, the PLOT 

:, ,. 
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command directs that every p^-th I-versus-distance surface is to be plotted on 

one coordinate frame starting with the p,-th surface. 

The parameter p„ can take on any one of the following code symbols: NA, 

NAS, NE, NES, DN or DNS. These symbols will be explained in Section 10.4, 

paragraph (4). 

The default values for the above 6 parameters are;   p1=p2 = p. =p=l, 

Po = X and p6 = NA. 
(2) Command:   PERSPECTIVE (p.,  p2,  p3,  p4) 

The parameters p.. and p2 are the same as in the PLOT command above. 

The numerical value p„ is the magnitude of the view angle in degrees,  measured 

from the plane of the window's exit face.    Parameter p4 can take on the code 

symbols NA or   NE only. 

The default values are:   p.-p2 = l,  p„ = 45 and p. = NA. 

(3) Command:   CONTOUR (p1,   P2,   P3,  P4) 
The parameters p. and p2 are the same as in the PLOT command above.    The 

integer p„ refers to the number of contour levels of constant temperature,  or 

intensity,  that are to be plotted,  up to a maximum of 50.    Parameter p. can take 

on any one of the code symbols NA,   NE or DN. 

The default values are:   p. = p« = 1,  p, = 10 and p4 = NA. 

Note that in the above three commands,  parameters are separated by commas. 

Missing parameters are indicated by commas (with no blank spaces between 

commas),  or by a right parenthesis.    If the keyword only appears,  then default 

parameters are assumed. 

(4) Meaning of Code Symbols NA,   NAS,  NE,  NES,  DN and DNS 

The letter N means that the functions to be displayed are first normalized 

before being plotted,  that is,   the transformation 

(zmax - zmin) (z - zmin) 

- 

(where z refers to the value of the ordinate) is made,  where the value of c = 100 

for CONTOUR plots; for PERSPECTIVE plots,  it depends on the size of the array 

to be displayed.    The latter N has a slightly different connotation for X-Y plots. 

Here,   it means that the array is scaled such that it will fit in a coordinate frame 

with nice scale values.   The second letter A or E indicates whether the normaliza- 

tion is over all (A) surfaces or whether each (E) surface is normalized separately, 

that is,  the zmax,   zmin are searched for over all arrays or over each array 

indi\ Idually.   The letters DN mean don't normalize,  that is,  do not do the above 

There is a circumstance in which the above meaning for p4 does not apply.    See 
Section 10. 4,  paragraph (4). 
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transformation.   Note that for PERSPECTIVE displays normalization always 

occurs.   Therefore, DN should never be used.   This is done mainly to force the 

plot to remain within the plot paper boundaries.   Again, for X-Y plots the conno- 

tation is slightly different,  in that in this case the user must provide plot scale 

values. 
The letter S indicates that there will be superimposed on a single coordinate 

frame  many time curves (as chosen by p, and pJ for a given cross-section, 

rather than having several cross-sections appear on a single frame for one par- 

ticular time.   Since the time variable can have as many as 10 values,  then there 

can be as many as 10 time surfaces,  that is,  curves,  superimposed on one frame. 

If it is desired to have one coordinate frame for each value of time that has been 

utilized,   then the S should be omitted.    This situation definitely pertains to 

CONTOUR and PERSPECTIVE plots. 

When NA or NAS is used,   the values assigned to SCALEX,   SCALEY on data 

card #1 and XMIN, YMIN on data card #2 are ignored,  so then the computer 

selects values which are more appropriate for the ranges of ordinate and abscissa 

involved.    When NE or NES is used,  the operator must select his own values for 

these data. 
For X-Y plots,  it is recommended that either NA or NAS be used.    If NE or 

NES is employed instead,  the operator should beware of erroneous coordinate 

scaling by ensuring that the values for any subsequent maxima and minima do not 

exceed those of the initial maximum and minimum.   If the S is used in these plots, 

then parameter p. has no effect since several surfaces corresponding to several 

time values at one cross-section are to be plotted, rather than several cross- 

sections for one time value. 

If no command card is included,  then the default command of PERSPECTIVE 

is assumed.    Several commands,  one per card,  may be given for any single run 

of the program.    For example,  a perspective display might be followed by a con- 

tour display or several perspective displays from several view angles might be 

called for by a sequence of PERSPECTIVE commands. 

Typical detailed commands used for running the DISPLAY program in the 

Batch mode only are listed in Attachment 6.    We do not run this program in the 

Intercom mode because usually there is not sufficient space allocated on Intercom 

to allow the program to run to completion. 

. 

10.5   Examples of the Use of ihe Three Dil'ferenl Plotting Commands 

In Section 6 of Volume I, we presented many examples of the three different 

kinds of plots that program DISPLAY was capable of generating,  listing in the 

figure captions the plot commands which controlled the actual plotting of these 
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curves.   We are now in a position to understand and to analyze how these com- 

mands control the graphing. 
For example,  in Figure 3 the command is PLOT (1, 1, Y, 100, 1, NAS).    The 

keyword PLOT indicates that a multiple X-Y plot is involved.    The first two 

parameters (1, 1) mean that every time value available is to be utilized,  starting 

with time value #1 (that is,  Tl).   In this example, there were 9 time curves used 

(Tl through T9),  which are shown on the right hand side of the figure.    Whether 

the curves drawn will represent temperature —or intensity —versus distance 

depends on whether the permanent file attached previously to the PLOT command 

was a TAPES -or TAPE? -type file,  respectively.   For this particular case,   it 

was a TAPE8 file.    The third parameter (Y) signifies that the abscissa is the axial 

distance through the window.   The fourth and fifth parameters (100, 1) signify that 

every 100th T - versus - z surface is to be plotted,  starting with the first (that is, 

starting with the surface existing at zero radial distance,  which is through the 

center of the window).    Since there are only 82 T - versus - z surfaces,  then 

setting p. = 100 can be seen as a ploy for selecting only the first surface (p^ = 1) 

to the exclusion of all others.    In other words,  the selection of any value of p. 

greater than 82 would have ensured the s£i.me result.   The sixth parameter (NAS) 

indicates that the normalization is to occur over all surfaces and that all of the (9) 

time curves are to be superimposed on one coordinate frame. 

In Figures 4 and 5 the same kind of information was desired except that the 

T - versus - " profiles were to occur at constant radial distances of 15 and 30 cm, 

respectively.   Since these distances represent ~50 percent and ~100 percent of the 

radial distance up the window,  the parameter p   was chosen to be equal to 41 and 

81,   respectively,    (Actually,  because of the way the 82 radial positions were 

chosen,  p5-values of 1,  41 and 81 represent distances of 0. 6 percent,  49.4 percent 

and 99, 4 percent up the radial axis,   respectively,) 

In Figure 6 v/e wanted to superimpose plots of T - versus - z at the above 3 

radial positions at the fixed time of 5 sec, which is the 8th time value.    The p., p, 

pair of 4, 8 signifies that every 4th time value is to be plotted,  starting with T8, 

As above,  this is a ploy to select only T8 and to exclude the others, since there 

are only 9 times available.   Any p^ > 2 would have produced the same result.    The 

PA, PC Pair 0^ 40, 1 means that every 40th surface is to be plotted,  starting with 

surface #1.   Thus,  surfaces #1,   41 and 81 are plotted.   Because we want these 3 

surfaces,  properly normalized,  to be superimposed on one coordinate frame at 

the one fixed time,  we leave off the letter S in the parameter p.. 

Temperature is plotted against radial distance for the same model problem in 

Figure 7 (hence,  p„ = X),    Here,   we wanted to plot all 21 T - versus - r surfaces 

(therefore,  p. = p   = 1) at 1 and 5 sec,    (The reason for there being only 21 rather 
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than 22 surfaces is due to the way we chose the points; the 22nd point falls outside 

of the window.)   Thus,  we choose p^ and p   to be 3 and 5,  respectively,  meaning 

that every 3rd time is selected,  starting with T5 ( = 1 sec).   As before,  dropping 

the letter S in parameter p   ensures one coordinate   frame for each time chosen. 

Figures 8 and 9 are examples of T - versus - r temperature plots at approxi- 

mately   1/4 and 3/4 of the way through the window (hence,  Pc = 6 and 16),   respec- 

tively.    Note that setting p. = p2 = 1 assures that all times are accounted for and 

are superimposed because of the S in p«.    Letting p. be greater than 22 (here,   100) 

assures that only that one particular surface will be plotted. 

Figures 10 and 11 pertain to the annular-shaped window.    Setting p, = 11 and 

21 results in plots for T - versus - r surfaces through the middle and at the exit 

face of the window,  respectively. 

Figures 12-14 show multiple X-Y plots for intensity.    In Figure 12 we wanted 

every time included (hence,  p.  = p2 = 1) of T - versus - axial distance plots (hence, 

Po = Y) along the axis (p,. = 1),  with no other radial distances included (p. = 100); 

and all of the time curves are to be superimposed (hence,  S in p„).    In this partic- 

ular example,  we let MP = 100.    Thus,  any p. - value >100 would have ensured 

that only those surfaces along the axis would be used. 

The axial range is covered by NP points; in our particular example,  NP =61, 

In Figure 13 we wanted to have superimposed time plots of I - versus - p' (hence, 

p„ = X) at the center of the axial range only (hence,  p. = 100,  p   = 31).   At a time 

of 3 sec (that is,  p„ = 7),  the Gaussian focal point occurs at a distance of 830 m 

along the axis (corresponding to p,. = 34).    Figure 14 displays the I - versus - p' 

graph for this time only. 

The plot command for the PERSPECTIVE graphs of Figures 15 and 16 use the 

default values.   Even though a 3D plot was drawn for all 9 times,  only a few repre- 

sentative cases are presented here. 

For contour plots we wanted the time values of 2 and 8 sec only.    Hence, 

p1 = 3 and p, = 6 in Figures 17 and 18.   Twenty contour lines are shown (thus, 

p„ = 20).    Since we wanted each one of these contours to be labeled with its dimen- 

sioned temperature value,  rather than a normalized value, we chose the code sym- 

bol DN for p^. 

In summary, we can say that program DISPLAY is used mainly to provide a 

"readable" output of functions of two variables.    The PERSPECTIVE plot furnishes 

a very good general "view" of the function in question.   CONTOUR also provides a 

good view as well as quantitative knowledge of the function values.   PLOT (either 

X-cross-sections or Y-cross-sections) supplies the most quantitative output but 
0 

usually the least satisfactory overall "view" of the function.   It should be pointed 

out that PLOT can be used for functions of one variable. 
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10.6   Principal Functions and Subroutines 

The various operations associated with the DISPLAY program are carried out 

by the following subprograms, subroutines and functions: 

(1)   DISPLAY        - the main program which calls the other subroutines and 

functions into execution. 

All of the following are subroutines: 

(2) PLOTT1 

(3) PARMPLT 

(4) FILL 

(5) CFRAME 

(6) INTERP 

(7) NUMB 

(8) ARROW 

(9) APLACE 

(10)   RD1 

(11) CLEV 

(12) SKIP 

(13) PACE 

(14)   CONTOR 

(15)   RJUST 

(16)   SYMBL 

- draws and titles coordinate frame.   It also does the 

scaling,  if it isn't supplied by the user. 

- prints out parameters at the beginning of each plotting run. 

- selects data from DATA IN and places it in a 2D array 

which,  in turn,  is passed to PARMPLT for printing. 

- draws and labels the coordinate frame for contour and 

perspective plots. 

- converts user commands and command parameters to 

subroutine control arguments.   It also calls subroutine 

NUMB to decode parameters. 
- used by INTERP to convert display code numbers in the 

commands to the proper internal representation of 

numbers in the computer. 
- draws the arrow used above the rectangular coordinate 

frame in perspective plots. 

- locates arrow-head for perspective view angle. 

- reads TAPES and fills up appropriate arrays to be plotted. 

Finds maxima and minima of the surfaces to be plotted, 

if necessary. 

- returns various equispaced contour levels. 

- skips over a designated number of records (that is, 

"surfaces") while reading TAPES. 

- a system library program which draws the PERSPECTIVE 

plots.   It also uses the library subroutines HIDE,  DRAW, 

SORT and PARFIT. 
- a system library program which draws the CONTOUR 

plots.   It also calls the library subroatines NEIBOR and 

FOUR as well as the Calcomp plot subroutines. 

- right adjusts all numerical input data.   Its Fortran listing 

is given in Appendix A. 9. 

- converts a floating point number using a G10. 3 format to 

a display code. 
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The complete Fortran listings for each of the above programs, subroutines 

and functions are given in Appendix E. 

10.7   Algorithms 

10, 7. 1   MULTIPLE X-Y DISPLAYS 

The PLOT display graphs either f(-, y^Pg = X) or f^, • Mpg = Y) for selected 

values of y. or x. determined by command parameters p4 and p5.   Specifically: 

i = p5 + (k - 1) • p4 (k = 1, )     . 

Subroutine PLOTT1 is called after each "surface" array has been filled by 

subroutine RD1.   One of two types of coordinate frames are then drawn by PLOTT1 

depending on command parameter p6.    If p6 = NA or NE.  the scaling is done by 

the Calcomp subroutine SCALE and the coordinate axes are drawn by Calcomp 

subroutine AXIS.   If P6 = DN,  then the user-provided scale is used and the coord- 

inate frame is drawn by a set of statements within PLOTT1. 
After the coordinate frame has been drawn,  the individual surface " cross- 

sections" represented by f(-, y^ or f(x., •) are plotted as continuous curves.    Each 

curve is labeled with a symbol and symbol table. 

10. 7. 2   PERSPECTIVE DISPLAY 

For perspective displays the surface is always normalized in such a way that 

the display will approximately fill the same plot area regardless of the size of the 

surface array.   The view elevation angle is fixed at approximately 45 degrees 

while the view azimuthal angle can be any value (given by the parameter p3 of the 

PERSPECTIVE command).    To produce a better display,  the surface is always 

bordered by zeroes. 
The complete perspective display is produced by calls from the main program 

to four subroutines (which may, in turn, call other subroutines): APLACE, FACE, 

CFRAME,   and ARROW. 
After establishing some display constants,  a call is made to APLACE which 

returns the point at which to place the head of the view direction arrow.   Next,  a 

surface of constant height is produced and a call made to FACE with a "switch" 

positioned such that FACE merely returns values of XMIN, YMIN, DX,  DY which 

will be used on subsequent calls to FACE.    The surface is next normalized and a 

"display frame" is plotted.   Because of the difficulty of drawing a coordinate frame 

for a perspective display, a coordinate frame quite similar to that used for the 

contour display is drawn adjacent to each perspective display.   The only difference 

is that an angle of view arrow is drawn on the frame.   This frame,  then,  is 
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produced by calls to CFRAME (see Section 10. 7.3 on contour display) followed 

by a call to ARROW which plots an arrow at the point found by APLACE.    Finally, 

FACE is called to produce the perspective display, 

10, 7, 3   CONTOUR DISPLAY 

The contour display is produced by calls to three subroutines:  CLEV, 

CFRAME,  and CONTOR.   Subroutine CLEV returns p3 contour levels in array 

ZLEVS,  evenly spaced between the surface maximum and minimum (but exclusive 

of the surface minimum).   The surface may or may not be normalized according 

to parameter p.. 

After CLEV has been called, the contour "frame" is drawn by a call to sub- 

routine CFRAME,   An example of the frame produced by CFRAME is shown 

below (small letters indicate numerical or character-string values which are 

inserted): 

surface title 

ALL FUNCTION VALUES HAVE 

BEEN SCALED ACCORDING TO - 

z => 
c •  (Z - ZMIN) 
(ZMAX - ZMIN) 

1    i 

WHERE    ZMAX = zmax 

ZMIN   = zmin 

ARE THE MAX. AND MIN. 

VALUES OVER ALL SURFACES 

or (VALUES OF THE SURFACE) 

parameter = value 

The contour map is then drawn by a call to CONTOR.   Each contour level line 

is identified by a unique (mod 13) symbol which is printed next to the contour map 

along with the contour level value which the symbol represents. 

£;j 

10.8   Batch and Intercom Modes 

Attachment 6 gives a typical set of commands for running the DISPLAY pro- 

gram under the Batch mode only.   The Intercom mode does not have sufficient 

capacity to handle most plotting jobs, since approximately 142,000 octal words 

are required in the central memory to run the program (including the plot software). 

The program will run under Intercom if the arrays in unlabeled common are 

changed from (102, 102) to (22, 22), 

Running time of the program is determined by the size of the array to be dis- 

played,  the number of commands and the command parameters.   As an example. 
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a 100 by 100 array was displayed with CONTOUR (20 levels), PLOT (10 cross- 

sections) and PERSPECTIVE in a total CP time of 82. 8 sec. 

10.9  Other Features 

Various quantities which might be useful for debugging purposes are outpiitted 

on file TAPE6.    These quantities are: 

1) XMAX,  YMAX, PPI, TICU 
— '" 2) XLEN, YLEN, SCALEX, SCALEY 

3) XMIN, YMIN 

4) INDEX (8 integers) 

5) NDA (if not 0) 
6) IND (four lines of integers representing the locations in DATAIN of data 

to be plotted). 

7) 4) and 5) repeated for each DATA IN. 
8) Command parameters.   (Note that the command itself can be inferred 

from the form of the parameters.) 

9) NP, MP 

10) ZMAX,   ZMIN,  TIM,   ZMIN 
11) XMAX, YMIN, YMAX, FLAG1 (Note:   FLAG1 is a logical variable which 

is "FALSE" if an end-of-file has been reached on file TAPE3.) 

12) 9) and 10) possibly repeated. 
13) XMINF, YMINF, DX, DY (Only for perspective display; these are scale 

parameters.) 

In addition to the output which comes directly from program DISPLAY, the 

subroutine CONTOR (used in contour display) and FACE (used in perspective 

display) output various quantities (see subroutine listings). 

10.10  Program Files 

In addition to OUTPUT, which is used only by the operating system to output 

messages, DISPLAY uses files TAPE4, TAPE6 and TAPES. 

TAPE3: TAPE3 is the main input file containing the surfaces to be displayed 

as well as the information records containing titles, etc. All records are unfor- 

matted.   The file structure is as follows: 
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record 1: 

record 2: 

record nda; 

datain-1 (100,3) 

datain-2 (100,3) 

datain-nda (100, 3) 

These records may be absent (nda=0) 

record nda+1 row 1 of surface 1 

record nda+np row np of surface 1 

row 1 of surface 2 

row np of surface 2 

last record row np of surface N 

Each "row" of the surface has a record of the form given in the first para- 

graph of Section 10. 2. 
TAPE4:   TAPE4 is the "card" input file.   It uses formatted data as described 

in the first paragraph of Section 10. 3, 
TAPE6:   TAPE6 is the formatted output file for messages and debug quantities. 

See Section 10. 8 for a partial listing of TAPE6 records. 

1 ' 
11.  OTHER CAPABILITIES 

The computer programs described in this report either have been extended, or 

are capable of being extended,  to various other aspects of the window problem. 

For example, a program has been written and successfully implemented in fitting 

the theoretical temperature distribution produced by program TEMPS to various 

experimentally measured temperature distributions.   More specifically,  the tem- 

perature at one or more points on the window's surfaces are measured as a function 
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of time,  as a source is turned on,  then off.    The theoretical temperature rise and 

fall is made to approximate the experimental values by a judicious choice of vari- 

ous parameters (such as absorption coefficient,  ß,  and the theoretical boundary 

conditions,  as given by the h. and g.) which describe the thermal properties of the 

window material.    The details of this procedure are contained in Technical 

Memorandum No.   16byT.B. Barrett,   Parke Mathematical Labs.  (Oct.   1973). 

Another phenomenon which could definitely affect the diffraction pattern in the 

far field would be multiple internal reflections of the laser beam within the 

window. 15   Analysis shows that this condition can be handled effectively if each 

exponential term in Eqs.  (25),   (26) and (27) is replaced according to the 

prescription: 

exp (ik*7) -t^tg exp (ik$7}/[l - r^ exp (2 i k($ "^ + *')}] (87) 

in which $7 is still determined by Eq.  (18) and the extra phase factor *' is given 

by: 

#'(p) = nL + ALb(p) (88) 

where AL, is the amount by which the window bulges when heated by the beam. 

The t's and r's are amplitude transmission and reflection coefficients, respec- 

tively.   The subscript 1 refers to the window's entrance face,  and 2 to its exit 
Q 

face.    They are given by Weil: 

t1  = 2/(n+l) 

t2  = 2n/(n+l) (89) 

•(n-l)/(n+l) 

Another capability inherent in the program is allowing an axial (that is,  z) 

dependency in the volume heating source term Q.   There are two alternate ways 

in which this could be effected: 
(1) Replace subroutine GAUSS (refer to Appendix A. 5) by another, which is 

also to be called GAUSS. This new subroutine is to have the same arguments as 

before (see card #7120 in Appendix A. 5).   However, now the Q-array will contain 

15.   Bendow, B.,  Gianino,  P.D., Hordvik, A., and Skolnik,  L.H. (1973) Optics 
Commun.  7:219; and Skolnik,  L. H., Bendow, B., Gianino, P.D., ami 
Cross,  E.F.  (1974) AFCRL-TR-74-0085 (III),  p.  967. 
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the appropriate z-dependence.   The variable \iames in the argument are defined in 

the glossary in Table 3. 
(2) If the Batch mpde is to be employed, an alternate procedure would be to 

insert the following data cards in the GETDATA stack. Referring to Attachment 

IB,  use 

IQ 2 

ICARD       4 

on line 34, and,  after the blank card on line 35 insert the desired Q-array using 

format 7F10. 3.   At present, Q is dimensioned (82, 22). 

Other possible extensions of the computer program include: 

(1) Temperature dependence of some of the material parameters,  such as 

refractive index n,  thermal conductivity K and thermal lensing parameters sT. 

(2) Multiple layers,  or coatings,  on the window to eliminate reflections and/ 
* l 1 R 

or to compensate the thermal lensing. 

(3) Time dependence in the volume source term Q. 
Trying to account for an angular (that is,  e) asymmetry in the beam's cross- 

section would not be a feasible extension, for it would necessitate a complete 

rewriting of the program, expanding it from a 2-dimensional to a 3-dimensional 

treatment. 

16.   Bendow, B.,  and Gianino, P.D. (1975) Appl. Optics 14:277; and Bendow. B, 
Gianino,  P.D.,  Flannery,  M.,  and Marburger,  J.  (1975) Proc.  of the 
Fourth Annual Conf. on Infrared Laser Window Materials, C.R. Andrews 
and C. L.  Strecker (Editors), Advanced Research Project Agcy., 
Arlington, Virginia, p.  299. 
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Attachment 1 

Commands to Run TEMPS and TIKIRK 

Here, the goal is to initiate and run a specified TEMPS and a TIKIRK cal- 

culation, then print out and catalog the results on permanent file (PF).    Before 

beginning this job, one should have previously stored in the computer the following 

two PF's:   TEBX (the PFN for the TEMP5 program), and, TIBX (the PFN for the 

TIKIRK program described in Sections 6. 1 - 6. 6).   A third ancillary program, 

T3D, whose use is optional, is available to be added to the previous two.    Given 

the PFN of T3BX, it prints out functions Fl and F2 (see Eqs.  (16) and (17), 

Volume I).    The Fortran listing for program T3D is given in Appendix F.    Inci- 

dentally, the third letter (B) in each of the above PFN's means that the PF is in 

binary form. 

A.   Intercom Commands 
The following is a typical set of Intercom commands: 

Line 
No, 

Computer 
types out. 

1 COMMA ND- 

2 COMMA ND- 

Operator 
Response 

ETL(450) 

CONNECT(TAPE4,TAPES) 

Comments 

Extends time length to 
450 octal sec. 

•^ 
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Line 
No. 

Computer 
types out. 

Operator 
Response 

 Start of TEMPS calculation 

COMMA ND- ATTACH(TEB. TEBX, 
ID=GIANINO) 

4 COMMAND- TEB 

5 READ DATA FILE-3?    N 

6 DEFAULTS LISTED?-   N 

7 NA ME-VA LUE MODE?- Y 

8 NAME VALUE  
BETA 
17 
etc. 

.003 
1 

Comments 

TEB is LFN for TEBX. 

N=no (because you want 
to create a new TAPES) 

Customary answer. 

Y=yes. 

(i) Enter the new TEMP5 
variables here.  See 
Table 2 Volume 11. 

(ii) The name of the vari- 
able starts under N 
in NAME; its numeri- 
cal value under V in 
VALUE. 

11 

12 

13 

14 

DATA INPUT COM- 
PLETE 
WORK OF DATINIT 
COMPLETE.. . 
WORK OF CYLTMP 
COMPLETE. ., 
END OF RUN 
EXIT 
 CP SECS EXE- 
CUTION. .. 
 TEMPS Calculation has been completed. 

10       COMMAND 

COMMA ND- 

COMMAND- 

CONNECT(OUTPUT) 

ATTACH(T3B. T3BX. 
ID=GIANINO) 

T3B,,A 

END T3D 
, . CP SECS EXECUTION. 

COMMA ND- 

COMMAND- 

ROUTE.A.ST=RMT, 
FID=GIAAU.DC=PR. 

REQUEST(PA T, *PF) 

124 

Lines 10-13 cause Fl and 
F2 to be printed out at 
remote terminal facility 
(AU).    They may be 
omitted, if desired. 

T3B is LFN for T3BX. 

A is merely a surrogate 
name. 

Lines 14-17 create a new 
TAPE3-type PF,    We 
arbitrarily give it the 
PEN of T3NX.    PAT is 
merely a LFN. 
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Line 
No. 

15 

16 

17 

Computer 
types out. 

Operator 
Response 

Comments 

COMMAND- 

COMMA ND- 

COMMAND- 

REWIND(TAPE3) 

COPY(TAPE3.PAT) 

CA TA LOG (PA T, T3NX, 
ID=GIANINO.RP=999) 

ROUTE. TAPE6, ST=RMT,    Causes the information 
FID=GIAAU. DC=PR. on TAPE6,  containing the 

TEMPS results, to be 
printed out at remote 
terminal facility (AU), 
Also clears TAPE6. 

(ASIDE:   If all that is desired is the temperature distribution in the window, this 
would be a convenient place to stop). 

18       COMMAND- 

20 

21 

22 

23 

24 

25 

26 

27 

28 

, Start of TIKIRK calculation. 

19       COMMA ND- ATTACH(TIB,TIBX. 
ID=GIANINO) 

COMMAND- TIB 

READ DATA FILE-3?   Y 

DEFAULTS LISTED?- N 

NAME-VALUEMODE?- Y 

NAME VALUE... (space, return) 

DATA INPUT COMPLETE 

READ DATA FILE-7?-  N 

DEFAULTS LISTED?- N 

NAME-VA LUE MODE?- Y 

29 

NAME VALUE. 

DATA INPUT COM- 
PLETE 

XI 
NP 

800 
26 

TIB is LFN for TIBX. 

Because you want to use 
information from the 
"new" TAPE3. viz. T3NX. 

Do not enter any value 
here;just hit the "space" 
and "return" keys. 

Answer here is always 
no . 

(i) Enter the new TIKIRK 
variables here.    See 
Table 4. Volume II. 

(ii) See Comment (ii) on 
Line 8. 

TIKIRK calculation has 
been completed. 

1 :■■ 
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Line Computer 
No. types out. . 

NEW VALUE OF TAU 
IS... 

Operator 
Response 

Comments 

Prints out the 10 values 
of TAU corresponding to 
time values Tl through 
T10.    See Eq.  (13). 
Volume I, 

30       COMMAND- 

31 COMMAND 

32 COMMAND 

33 COMMAND 

34 COMMAND 

ROUTE. TAPE6. ST=RMT, 
FID=GIAAU,DC=PR. 

REQUEST(PIT. *PF) 

REWIND(TAPE7) 

COPY (TAPE?. PIT) 

CATALOG(PIT. TKX. 
ID=GIANINO.RP=999) 

Routes the TAPE6 infor- 
mation, containing the 
TIKIRK results, to re- 
mote terminal (AU) for 
printout. 

Lines 31-34 create a new 
TAPE7-type PF.    We 
arbitrarily give it the 
PEN of TKX. PIT is 
merely a LFN.  This new 
PF can be used as the 
input in the DISPLAY 
program for plotting the 
intensity. 

B.    Batch Commands 

Card 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Command 

Job ID with T=2000,  core memory=170K 

ATTACH(TEB. TEBX. ID=GIANINO) 

REQUEST(TAPE3, *PF) 

TEB(INPUT, OUTPUT) 

REWIND(TAPE6) 

COPY(TAPE6. OUTPUT) 

CATALOG(TAPE3.T3NX.ID=GIANINO.RP=999) 

ATTACH(TIB, TIBX, ID=GIANINO) 

REQUEST(TAPE7. *PF) 

REWIND(TAPE6) 

TIB (INPUT) 

REWIND(TAPE6) 

COPY(TAPE6, OUTPUT) 

Comments 

Assigns TAPE3 to per- 
manent file. 

Loads and executes TEBX. 

Prints output. 
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Card 
No. 

14 

15 

Command Comments 

16 

17 

18 

19 

20 

21 

22 

23 

24A 
B 

CATALOG(TAPE7,TKX.ID=GIANINO.RP=999) 

EXIT.S. All commands after 
EXIT.S.  are executed if 
and only if TEB terminates 
abnormally, e.g., exceeds 
time limit. 

REWIND(TAPE6) 

COPY(TAPE6, OUTPUT) 

CA TA LOG(TAPE3, T3NX, ID=GIANINO. RP=999) 

CATALOG(TAPE7,TKX.ID=GIANINO,RP=999) 

7/8/9 

N 

N 

Y 

BETA 
17 

003 

EOR Card. 

Name starts in col.   1; 
numerical value starts in 
col.   11. 

25 

26 7/8/9 

27 Y 

28 N 

29 Y 

30 

31 N 

32 N 

33 Y 

34A XI 
B NP 

800 
26 

Blank card. 

EOR card. 

Blank card. 

Name starts in col.   1; 
numerical value starts in 
col.   11. 

35 

36 6/7/8/9 

Blank card. 

EOF card. 

■s.:;:' 
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If only temperature distribution in the window is desired, the above series of 

commands would be reduced to the following: 

Card 
No. 

Cl 

C2 

C3 

C4 

C5 

C6 

Cl 

C8 

C9 

CIO 

Cll 

C12 

C13 

C14 

C15 

C16A 
B 

Command 

Job ID with T=60, corememory=60K 

ATTACH(TEB1 TEBXlID=GIANINO) 

REQUEST(TAPE3, *PF) 

TEB (INPUT, OUTPUT) 

RE WIND (TAPE 6) 

COPY (TAPE6, OUTPUT) 

CATALOG(TAPE3.T3NX,ID=GIANINO.RP=999) 

EXIT. S. 

REWIND(TAPE6) 

COPY(TA PE6, OUTPUT) 

CATALOG(TAPE3,T3NX.ID=GIANINO.RP=999) 

7/8/9 

N 

N 

Y 

BETA 
17 

,003 

h 

C17 

C18 

(blank card) 

6/7/8/9 
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Attachment 2 

Commands to Modify a Temperature Distribution 

Assume that a TEMPS calculation has already been performed and the results 

cataloged under the PFN of T3NX (of.lines 14-17 in Attach.   1A).    Further,  assume 

that one wants to change only a few of the input variables and then calculate a new 

temperature distribution.    The following commands indicate how the previous 

results may be utilized. 

A.   Intercom Commands 

Line 
No, 

Computer 
types out.. 

1 COMMAND- 

2 COMMAND- 

3 COMMAND- 

4 COMMAND- 

5 COMMAND- 

6 COMMAND- 

Operator 
Response 

ETL(450) 

CONNECT(TAPE4, TA 

REWIND(TAPE6) 

REWIND(TAPE7) 

ATTACH(PET,T3NX, 
ID=GlANINO) 

COPY(PET. TAPE3) 

Comments 

PE5) 

Clears TAPE6. 

Clears TAPE7. 

Attaches former TAPE3 
with LFN of PET, 

Copies "former" TAPE3 
onto a "new" TAPES, 
which is given the LFN of 
TAPE3.  Thus, the origi- 
nal file (T3NX) is still 
intact and available for 
future use. 
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Line 
No. 

Computer 
types out.. 

Operator 
Response 

7 COMMAND- ATTACH(TEB. TEBX 
ID=GIANINO) 

8 COMMA ND- TEB 

9 READDATA FILE-3?- N 

10 DEFAULTS LISTED?- N 

11 

12 

NA ME-VALUE MODE?- 

NAME VALUE  

Y 

13 
et 

SIG 
PWR 

.4 
1E7 

Comments 

Enter those TEMPS vari- 
ables which are to be 
changed.   Also, see 
Comment (ii) on Line 8, 
Attach.   1A. 

Same as line 9, et seq., Attach.   1A.   However, when one gets to the 
equivalent of line 17, Attach.   1A, one should give the new PF a new PFN, 

seq.    say. T3QX. 

1 : 
i 

i^: 

'' 1 
i 1 
i 

B.    Batch Commands 

Card 
No, 

Command 

1 Job ID with T=1000, CM=60K 

2 ATTACH(PET, T3NX, ID=GIANINO) 

3 REQUEST(TAPE,*PF) 

Comments 

Attaches old TAPE3. 

If new TAPE3 is to be 
permanent. 

4 COPY (PET. TAPE3) 

5 RETURN(PET) 

6 ATTACH(TEB. TEBX,ID=GIANINO) 

7 TEB(INPUT. OUTPUT) 

8 CATALOG(TAPE3,T3QX,ID=GIANINO,RP=999) 

9 REWIND(TAPE6) 

10 COPY(TAPE6) 

11 7/8/9 

12 Y 

13 N 

Return if you want to use 
at a later date.   Otherwise, 
could purge it. 

The new TAPE3 is given 
the PFN of T3QX. 

EOR card. 

hit'- i m I 
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Card 
No. 

14 

15A 
B 

SIG 
PWR 

Command 

.4 
1E7 

Comments 

Enter those TEMPS vari- 
ables which are to be 
changed.   Also, see com- 
ment on line 34, 
Attach.   IB. 

16 

17 

(blank card) 

6/7/8/9 EOF card. 
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Attachment 3 

Commands to Recalculate TIKIRK, Given TEMPS Results 

There are certain input variables which will affect the computed spatial 

intensity pattern (and possibly even the dimensioned temperature distribution in 

the window), but not the normalized temperature distribution.    The ir.put para- 

meters which belong to this category are most of the variables found in Table 4 

and those in Table 2 which are accompanied by the code letter K in the Useage 

Code column (Col.  # 6 ). 
As in Attach.  2, we assume that a previous TEMPS calculation is available 

under the PFN of T3NX.    Now, we desire to observe the effects which changes in 

the above-mentioned variables have on the computed intensity pattern.    For each 

set of changes made, the TIKIRK program must be executed.    The following 

gives a representative series of typical commands necessary to implement this 

procedure. 

A.    Intercom Commands 

Line             Computer 
No.             types out... 

Operator 
Response Comments 

1-4     Same as in Attach. 2A. 

5         COMMAND- ATTACH(TAPE3,T3NX, 
ID=GIANINO) 

Attaches PF with LFN 
of TAPES. 
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Line Computer Operator Comments 
No. types out... Response 

6-21  Repeat lines 19 through 34, inclusive, from Attach.   1A.    However, on 
line 24 enter the desired TEMPS variables, if any. which you want to 
change and which do not affect the normalized temperature distribution 
in the window.    (Note that TEMP5 parameters are being entered at this 
stage, even though the TIKIRK program currently has control.) 

On line 28 enter only those TIKIRK variables whose magnitudes are to be 
different from the default values. 

On line 34 select a different PFN for the new TAPE7-type PF just com- 
pleted. 

 End of TIKIRK calculation  

If you want to change the variables again and repeat the TIKIRK calculation: 

22 COMMAND- TIB 

23 Repeat lines 21 through 34. inclusive, from Attach.   1A. subject to the 
same comments as noted in line 6 above. 

Each time the variables are to be changed and the TIKIRK calculation is to be 
recomputed, repeat lines 22 and 23 above. 

B.    Batch Commands 

If run as a separate problem,  assume that the TEMPS PF having PFN of T3NX 

has already been created. 

Card                                                Command 
No.   

1 Job ID with T=2000. CM = 170K 

2 ATTACH(TIB. TIBX. ID=GIANINO) 

3 ATTACH(TAPE3.T3NX.ID=GIANINO) 

4 REQUEST(TAPE7.*PF) 

5 TIBdNPUT) 

6 REWIND(TAPE6) 

7 COPY(TAPE6.OUTPUT) 

8 CATALOG(TAPE7.TKX.ID=GIANINO) 

Plus cards #26-#36. inclusive, of Attach.   IB. 
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Attachment 4 

Commands to Produce a TAPES for Temperature Plots 

i I 
i 

The temperature distribution information contained on the file called TAPES 

is not in the proper format for plotting purposes. Rather, this information must 

be transferred in the appropriate format to another file, called TAPES, which is 

suitable for plotting by the DISPLAY program. This attachment gives all of the 

commands required to generate and catalog a TAPES file, provided that the tem- 

perature results are already on a TAPE3-type PF. We assume that this latter 

file has already been created and given the PFN of T3NX. 

A.    Intercom Commands 

Line 
No. 

Computer 
types out... 

1 COMMA ND- 

2 COMMAND- 

3 COMMAND- 

4 COMMAND- 

5 COMMAND- 

6 COMMAND- 

Operator 
Response Comments 

ETL(450> 

CONNECT(TAPE4, TAPES) 

REWIND(TAPE6) 

REW1ND(TAPE7) 

ATTACH(TAPE3.T3NX.ID«GIANINO) 

ATTACH(TIB, TIBX, ID=GIANINO) 
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Line 
No. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Computer 
types out. 

Operator 
Response 

Comments 

16 

17 

18 

19 

COMMAND- TIB 

READ DATA FILE = 3?- Y 

DEFAULTS LISTED?- N 

NAME-VALUE MODE?- Y 

NAME VALUE  (space, return) 

READ DATA FILE-7?- N 

DEFAULTS LISTED?- N 

NAME-VALUE MODE?- Y 

NAME VALUE  
NP 
MP 
IPRNT 
Tl 

T10 

1 
1 
2 
time value 
#1 (in sec) 

time value 
#10(in sec) 

COMMAND- 

COMMA ND- 

COMMAND- 

COMMAND- 

REQUEST(DOG, *PF) 

REWIND(TAPE8) 

COPY(TAPE8,DOG) 

CA TALOG(DOG. TEMPX, 
ID=GIANINO<RP=999) 

(i) Only the data shown 
here can be entered, 
(ii) See Comment (ii) on 
line 8, Attach.   1A. 
(iii) Only those tempera- 
tures will be plotted 
which correspond to the 
(dimensioned) times 
given by Tl,T2.etc. 

Linear interpolation is 
done, if necessary. 

Lines 16-19 create a 
new TAPEJS-type PF 
whose PFN is TEMPX 
and whose LFN is DOG. 

ASIDE:    If you want to calculate the diffraction pattern concomitant with the 
temperature distribution contained in the permanent file T3NX as 
mentioned above, refer to Attach.  3A., starting with line #22. 

B.   Batch Commands 

Card 
No. 

3 

4 

Command Comments 

Job card,  T=20.CM=60K 

ATTACH(TAPE3, T3NX, ID=GIANINO) 

REQUEST(TAPE8, *PF) 

ATTACH(TIB. TIBX, ID=GIANINO) 
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Card 
No. 

Command 

5 TIB(INPUT) 

6 CATALOG (TAPES. TEMPX, ID=GIANINO 

7 7/8/9 

8 Y 

9 N 

10 Y 

11   

12 N 

13 N 

14 Y 

15 NP               1 

Comments 

EOR card. 

Blank card. 

For cards #15-27,  see 
comments, line 15, 
Attach.  4A. 

16 MP 1 

17 IPRNT 2 

18 Tl ti time value # 1 On cards #18-27,  all time 
values are in seconds. 

27 

28 

29 

T10 

6/7/8/9 

time value # 10 

Blank card. 

EOF card. 

&:■■■' 
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Attachment 5 

Commands for Running Alternate TIKIRK Program 

Assume that the alternate TIKIRK program, introduced in Section 9.7, 

Volume II, has been stored in the computer and is available for use, rather than 

the original TIKIRK program (as discussed in Sections 9. 1-9. 6).    This alternate 

program is also given the PFN of TIBX.    Let us further assume that we want to 

utilize option #3, which has the PFN of IK IB,    The revised commands to run this 

alternate program are: 

A,   Intercom Commands 

Line 
No, 

Computer 
types out,, 

Operator 
Response Comments 

lrl9 Same as Attach.   1A. 

20 COMMA ND- ATTACH(IKB,IK1B, 
ID=GIANINO) 

1KB is the LFN for this 
file. 

21       COMMA ND- 

22       OPTION = 

XEQ 

LOAD=TIB,IKB 

Indicates the following 
commands are loader 
commands. 

Causes loading of the 
main program TIKIRK 
and subroutine IKIRK. 
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li 

t;1 

Line 
No. 

23 

24- 
37 

Computer 
types out.. 

Operator 
Response 

OPTION = EXECUTE =TIKIRK 

Same as lines 21-34, inclusive. Attach.   LA. 

Comments 

Initiates execution. 

The above commands would be the same for the other two options (# 1 and 2), 

except that on line 20 the appropriate PFN would be entered in place of IK IB. 

However, the LFN of 1KB must be maintained. 

B.    Batch Commands. 

Card 
No. 

Command 

1 Job card,  T=2000.  CM = 170K 

2 ATTACH (TIB, TIBX. ID=GIANINO) 

3 ATTACH(TAPE3, T3NX, ID=GIANINO) 

4 ATTACH(IKB. IK IB. ID=GIANINO) 

5 REQUEST(TAPE7.*PF) 

6 LOAD(TIB,IKB) 

7 EXECUTE(TIKIRK) 

8 REWIND(TAPE6) 

9 COPY(TAPE6) 

10 CATALOG(TAPE7,TKX,ID=GIANINO.RP=999) 

11 7/8/9 

12 Y 

13 N 

14 Y 

15 (blank card) 

16 N 

17 N 
■ 

18 Y 
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Card 
No. 

Command 

19A 
B 

XI 
NP 

800 
26 

21 

(blank card) 

6/7/8/9 

^ 
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Attachment 6 

Batch Commands for Running DISPLAY Program 

(1)   Intensity Plots 

Let us assume that a TAPE7-type file, having the PFN of T7X and containing 

the intensity information to be plotted, has already been created. 

Card 
No. 

1 

2 

Command 

Job ID, T=300. CM = 170000 

ATTACH(DISB, DISBX, ID=GIANINO) 

ATTACH (TAPES, T7X,ID=GIA NINO) 

ATTA CH(PEN, ONLINEPEN) 

LIBRARY(PEN) 

LDSET(PRESET=ZERO) 

DISB (INPUT) 

Comments 

Attaches the DISPLAY 
program, whose PFN is 
DISBX and whose LFN is 
DISB, 

Attaches the permanent 
file T7X. using the LFN 
of TAPES. 

Cards #4-13 control the 
plotting process. 

m 
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Card 
No. 

Command 

8 REWIND(TAPE6) 

9 COPY(TAPE6) 

10 DISPOSE. PLOT, *OL. 

11 EXIT. 

12 REWIND(TAPE6) 

13 COPY (TAPE 6) 

14 7/8/9 

15 Data card # 1 

16 Data card #2 

17 Data card #3 

18A 
B 

Data card #4A 
Data card #4B 

CommentB 

19 Plot command cards (one or more) 

See Section 10, 3 for 
details on data cards. 

Use the values pertaining 
to TAPE7. 

Cards 18A and 18B con- 
tain the sequence nos. of 
those TEMPS and TIKIRK 
parameters, respectively, 
which are to be listed with 
the plots. 

See Section 10. 4 for details 
on plot command cards. 

20 6/7/8/9 

(2)   Temperature Plots 

Suppose that a TAPE8-type file has already been created, having the PEN of 

TEMPX and containing the temperature distribution within the window.    Then, the 

commands to obtain temperature plots are the same as in Part (1), above, with 

the following exceptions: 

Card 
No. 

Command 

3 ATTACH(TAPE3, TEMPX, ID=GIANINO) 

17 Data card #3 

18B (Remove data card #4B) 

Comments 

Again, the PF is given the 
LFN of TAPE 3. 

Use the values pertaining 
to TAPE8. 
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If it is desired to have any of the above plots drawn with red ink, card # 10 

above would be replaced by the following: 

Card 
No. 

10 

Command 

DISPOSE. PLOT, *PL. RED INK PLEASE 

Comments 

The word RED starts in 
col. 21. 

I 
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Appendix A 

Fortran Li stings (or TEMPS Program 
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IPPIP* 

A.1    Main Program TEMPS 

IS 

eo 

?5 

30 

35 

46 

*S 

5'J 

S5 

65 

7U 

C 
c 
c 
^ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

a:.w~MHM  TF«P1:in/VPcft = i?H.TAPElS=l20.TAPr3.TAPt6«l?H.0UTPUT = 12H) 

Tc-MnS Is THE PSIGDAM MAWE ASSKjNEO TO A PHOGRAM BEING «OaPTEO 
Ftjn" PHO^PAM TE-iPi FnP THt PHKPOSE OF REDUCTION OF EX^tHi^ENTAL 
rijT» ( H VS T ) Tn OFTFRMINE H «NO BFTA. JUNE WIZ  B* N.(..PARKE. 
THF MFAMIMG nF THr svuRnO ANU PARAMETERS fOR THIS PROfaRiH 
»OF OFSrRIHEO IM THF COMMtNT CARHS WITH SUHROUTINt ÜT*FT «HIGH IS 
CüLLEH HY THIS JRi'GOS» AFftR IT HAS RpAU IN  THF INITIAL 
DaRAMETCT"; AND flATA,  A PAKAMtTEP AND ÜATA UECK IS PIJNCHFU 
OUT ÖY riTAFT.  'TsFT AISO PRINTS OUT ANY ütbUG DATA INDIr«TED 
fy  nAPAMCTFRS 11 - 17, 

SllloOUTlMF OTAFT TS 1 MnDlf ITATION  OF SUbRüUTlNE TMPb« 
Fn» AFCRI. BY N.r,.aAwF IN  JUNE 1^72 

THIS  SiHOOUTINF  was ORlülNALLY MODIFIED UN "t APRIL 1*7? TO SHIFT 
THF DATA TO EVEM TNr^FMFNIS, USlMS SP| INE 1NTERPOLATIUN AND 
THE CHOSFM ARBlTRiRY HDIINDARY CONDITIONS. THIS MODIFICATION 
WAS MADE flV M.O.PARifF, 

THg PARF'JT PROG'^A'i WAS TF.MH4 ^OR CALdlLATING THE UNSTEADY HEAT 
CnNriUCTTnM IN A FTNITF CTLlWDtR SUBJECT TO GENERAL bOUNUsHY 
CON^ITTTIS ON AIL ZFn »WD RH" SURFACES, IT THEN COMPUTES THE 
IMT^GRALS Fl AN'i F?. PFoUlHEO BY DR. oENDO« AND PUNCHES .TfiE 
IMOiiT PARAMETER" ANI FJ ANU F<!. TF U = 1, 

THE CVLIMOER IS HFATFO BY A VULUME SOURCE UISTRIHUT10N. 
CYLTNDRirAL. SYMMFTRY IS ASSUMED. I.E.. THE PARABOLIC 
PARTIAL nlFFERE'JTTAI FOUATION IS IN CYLINDRICAL COORDINATES 
WITH THf ANGLE VAoIAOLF MISSING. 

TMC tiEJ   aF SPACF POIMTS IS SHIFTED HAI F AN INCREMENT H^O" 
R0'l|>|BABTcS WHICH «RC RECTANGULAR IN CYLINURICAL COORDINHTES. 
T^IS NET IS BOUIOFD OY A HCTlTlnUS SFT OF POINTS THAT 
ALLiW THF EBSY WRTTTMG OF GEMERAI, BOUMDARY CONDITIONS. 
T^^n4 IS A PR0G'-)AM '.IMTCH IS BASE'I ON 
THE IMPLICIT ALTFniNATIN'-. UlFFtREwCE METHOD UF INTEGRA I INr- 
A PjRAHni. TC PARTIAL nTFFERENTlAL EQUATION. IT IS CALLrD 
THF I.A.n. METHOD Fno SHORT. 

IN ».OniTIOM TO THF-USUAL LIBPARY OF MATHEMATICAL 
A'gn SYSTEM SUBROUTlMFS. TEMPa REQUIREn THE SUBROUIINE^ TPIDAG 
ANO GAUSS, AS WEM AS THE'SS0 ROUTINE OSF FOR INTEGRATING. 

THE THEO'FTIfAL ^HSIS FOR THIS PPOGRA" IS FULLY DOCUMENIFÜ 
IM TM NO, s. NATHAN r.PIER PARKE til, PARKE MATHEMATICAL i «bS, 
INC.« OMF RIVER RnAO. CARLISLE. MASS.01^41. NOVEMBER l'V7i. 
MODIFICATIONS FOR VFPSTON tEMP* JILL APPEAR IN TM NO.7. 

IMPMT AMI TNITI»LT7.ATtOM CONTROL CHARACTERS 
M = I) . = . TEMP niSTois U 1NIIIAI I7EO TO UO 
III - 1 , = , TEMP InITIAl. OlSTOlBUTION raEAO IN ON <ICARU< 
n = n .-, SOURCF DISTPTB O INITIALIZFO TO ZERO 
in 3 1 , = . CALCUI ATF ANO INITIALIZE 0 AS A TRUNCATED GAUSblAN 

niSTRIBUTInN. 
10 = ? ,=, SOURCF DISTRIBUTION PFAD IM ON 1CARD. 

USE OF THF BOUMilA.lY COMOIIION pApAMETFRS G AMÜ H* 

4 pr-RFECT IMSUL^TIN'-. ROUNUARY IS CHARACTERIZED BY G = U, H = 0 
MEWTOMS I AW OF COnLIMG IS CH»HACTEDI7FD BY G = 0« H = fl|M COEFF 
r,IVrN HEAT INPUT TS CHARACTEPIZEO BY r, = INPUT. H = 0 
GIVrN TF"DFRATULF IS rHARACTFRIZEO BY 6/H = TEMo ANU 
BOTH G A-'O H VERY LAPGE, t,G,< 6 = TEMP • E25»  H = l.Eic 

HF(j.Y> ^Mn GE()(,v,7) APE STAIEMENT FUNCTIONS OF THE f ORv 
USFn IN FOUATIOMS (IP).,..«««! IN T" NO. 5 TO  APPLY THF 
THE GENERAL BOUNDARY CONOHTO S BE CALCULAIING THE ElttlllOUS 
POIMTS IM THE U AMD IISTAR ARRAYS  

ÜoOUO 
üJ01?0 
Ö'i0130 
Ü,0140 
öi-oiso 
ÖnOlftO 
üOoi70 
Qi'OlBO 
000190 
ÖJ02Ü0 
Ü.I02I0 
Öu02?0 
ÖJ0230 

0^0250 
Öuü260 
Öü0270 
Ö1.02HO 
ÖJ02RO 
0"6300 
Ü..U310 
000320 
0-0330 
ÖJ0340 
Ü»0350 
ÖU0360 
010370 
ÖJ03ao 
ÜJ03R0 
Ö^CtOO 
0J0*10 
ÖJÜ420 
0 J0t30 
ÖuO't'tO 
(H0450 
Ö0 0460 
ÖU0470 
ÖU04H0 
ÖU04R0 
OJ0500 
Ö-0510 
0)0520 
ÖU0530 
0Ö0540 
Ö00550 
Ö:.0560 
ÖU0570 
ÖJ05B0 
Ö0Ö5R0 
000600 
ÜJ0610 
Ö-Ü620 
Üu0610 
000640 
ÖJ06S0 
000660 
000670 
ÜJU6H0 
Öi Ü6R0 
0^0700 
ÖO0710 
ÖJ0720 
0,10730 
Ö.-0740 
Ö00750 
ÖJ0760 
Öo0770 
Ö1.07H0 
ÖJ0790 
Ö0O8OO 
öioeio 
ÖO0S20 
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BO 

Qo 

« 

loo 

lu5 

IK 

US 

120 

12S 

UC 

135 

140 

1*5 

150 

C. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

..i^STGM  L^ICftL  WIlMHcoS  TO   IC&KD.TKFYITPHINI   AND  ITYPE  USTNö 

IMDiiT   UE'/TCE   1.  Da  rH«wr,E   THE  FIRST   RFAD  CARD  TO  HEQIfitü  UtVlCE  NO 
THIc   MAKFS  THE  oRnGQUM  FAblLY     TWANSFFRABLE     TO     COMPOTEcb  KITH 
nTFrEuEMT  LOfilCaL O^VICF  NUMRtH   SSSIGMMENTS, 

DÄRf.METF^;   II.....17  FOR CONTROLLING  THE  PRESENCE   AND  ABstNCE  OF 
OUTPUT        1   , = .   nilTPUT ü  . = .   IMHIBIT. 
II    .   =.   ollNCH   AMD   POTMT   FltF?i   AND   P»f?AM 
J?   , = .   ori|MT   TAll.l MnS.MII.NN.NU.ICNTtlrNTR 
n   . = ,   OOIMT  KK.A.B.r.n.UPRIMVALSO   INITIAL   VALUES  OF  U.Uc;TAR  ETC 
lu   . = ,   oojMT  U   SMn  i  AFTER   INITIAL  DATA  HEAD   IN  OR  COMRUTtO 
(<;   . = ,   P^IMT   I. I.MFTMd.J'M. 
Jt,   . = .   piiMCH   UF'TN   A>in   PABAMETtRS, 
17   .s.   p^IMT   I.l.iMT.,))   ON HALF   INCREMENT  SHIFTED LATT1CF. 
THF   HALF   INCREMENT  <;MIFTFÜ  LifTlTE   IS  THE  ONE  USED  BYUS  TQ 
J'-MTE   THF   PRflfiRaM  E^^TLY  HJR  GENFRAL   «OUNUARY   CONÜITIUN5, 

SlMsOlitlMF   SPLN! (M.n.FPS.A.y, I .SS.SS1 .SS2.QUA) 
THic   IS   J   MOOIFiciTION  nF   SSP  SUBROUTINE  SPL1E   TO  MAKE  QUA  AN 
AOOsY   TO   MftKF   THE   ^ITFriBAL   A   t-UNCTION   OF   A 
Dili   =   IMTFRRAL  OF  SS  FROM  Ml»   Tn   X(N)   -  QUA   IS   AN  ARRAY 

FTNn   THian  OPDE.J  cPl IMF  FCI     ^OR   A  FCT   Y(X)   GIVEN  AT   THE 
ofUvTS   (X(I).Y(IH 
FOLI OMlHr.   CHAP.^ nF VOL' 0^ PALSTON ♦ WILf 

■i = NO.OF GIVEN CUT« POTNlb 
»   = NO.OF SPFC1FIFD »RGIIMtNTS TI I) FOo WHICH THE SPLINE 

Sq.ITS FIRST iiFn,c;<;i AMU SECOND DER.SSZ ARE TO BE COAPlflED 
EPS = EBiaOR TOLFBiNrF  IN ITFMATlVE STEPS 
X= ^RRAY OF STRICTLV INCRtASTNG ABSCISSAS 
Y = ARRAY OF FCT «AMIES 
T = APRAV PF DEMoET ABSCISSAS 
SS =   ARPftY OF SOLINF VALUES . SS1.SS2 DERIVATIVES 
LIMITATIONS  N  NOT I ARGER THAT SO 

TME AOD1TION OF TME FPI iNt SUBROUTINE HAS MADE IT NECESSARY TO 
IMT-^OOUC^ SOME MEW SYMBOLS ANU AoRAYS 
EPS . = . rpwo» TOI FRAMCF IN THE ITERATIVE STEPS 
X(?7) .=. WOPK .PSCF FOP ARRAY OF STRICTLY INCREASING ABSCISSAS 
Y(?7» . = . WORK SPACF FOB ARRAY OF FCT VALUES 
XX(T2) .^. WORK SDAI-F  FOR DESIRED ABSCISSAS 
SSI??) . = . SPLI-IE Vlt UF OF U 
SSI . = , SPLINE VA| UF OF FIRST DEPIVATjVE Of U 
SS2<??) ,=. SPLIMF SFCONO DERIVATIVE OF U 
rjilA , = . TMTEGRAI OF SS FROM XUI.MNN) 
USP|N(2?.??) .=. TEMPORARY WORK SPACE. USED BETWEEN RMÖ-sPLINING 
AMD ZED SPLINING 
MS .=, MO. OF GIVFN OATA POINIS 
NS .=. No. Of SPLlNF INTERROLATEn ARGUMENTS 

QPOGRAM STATEMENTS 

JRI-TE <PDnGRAM TFMP^ - A PROGRAM FOR CALLING A SUBRUUTlNF CYLTMP. 
VHlrH US^S PROG'AM TFMP* MOOIMED  ANn DETERMINES H ANU BETA FROM 
FXOFRIMEMTAL RUNS OF TEMPERATURE VS TTME.< 

CALl OATINIT 
wo ITE(5.inn) 
CALl    CYLTMP 
WOITE(5,-I10) 

WPttEIB.TO) 
C»Li    EXIT 

»10  FnR'fAT(6Fl?,S) 
?15  FOR<AT(1MO.»PROGRAM  TFMP5  -     A  PROGRAM  FOR  CALLING  A  SUBROUTINE») 
?lf,  FO»"AT(IHO,»CYLTMn.   WHICH    USES  PROGRAM  TEMP* MODIFIED  Tn») 
P17   FOR'<AT(lMn.»OETFPMlNF  H  ANU  BETA  FROM  EXPERIMENTAL  RUNS Of   »I 
?IB  FORMAT<1i-iO.»TEMPEpATURF  Vb  TIME.») 
100  FOR"AT(lHfU»  WORK  OF  OATINIT COMPLETE  -  RETURNED  TO  TEMPs») 
110  rnR'-ATdHC.»'^*  OF  rVLTMR  COMPLETE   -  RETURNED  TO  TEMPS») 
1?0 FOR.-AT(!M0.»EN0 OF PUN») 

ENO 

VU0830 
000840 
Ö0OS50 
ÖÜ0860 
006870 
ÖU0BS0 
ÖU0890 
OC0900 
«00910 
Ö'JÖ920 
ÖJ0930 
000940 
ÖUÖ950 
000960 
ÖÖÖ970 
ÜÜ09B0 
ÖU0990 
Oolooo 
ÖÖ1Ö10 
001020 
ÖU1Ö30 
ÜÜ1Ö40 
001050 
ÖoiÖf.0 
ÖJ1Ö70 
ÖulÖBO 
ÖOlORQ 
ÖUliOO 
OÖIUO 
ÖUU20 
ÖUU30 
Ö01I40 
ÖJU50 
001160 
ÖÖ1170 
ÖUIlBO 
iöU90 
ÖU1200 
001210 
OD1220 
ÖÜI230 
001240 
ÖÜ1250 
Ö01260 
001270 
ÖÖ1280 
001290 
ÖÜ1300 
$01310 
0&1320 
ÖU1330 
ÖÜ1340 
0ÜI3SO 
ÖÖ1360 
ÖÜI370 
001380 
00)390 
001400 
ÖU1410 
901420 
ÖÖ1430 
00144O 
ÖÖ1450 
ÖÖ1460 
ÖÜJ470 
0ÜI480 
001490 
ÖÜ1S00 
ÖUJSIO 
ÖÖtS20 
ÖÖIS30 
001540 
601550 
Ö0156O 
ÖÜ1570 
ÖÖ1580 
ÖÖ1590 
961600 
0Ö1610 
0Ü162O 

150 
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A.2    Subroutim DATINIT 
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SUBROUTINE DATINIT 

REAL LMOA. mi 
COMMON A(fi?).8(82).f(82).ü(8?).UPRIM(fl2).RHO(82),RFIN(«Zt. 

♦ IJ(8?t22),USTAR(a2,2?).0(aa«22).UFlN(8?.22)»USPLN(82.2i)t 
♦7FIM('2) .ZE0(22) .F(4) .G(*> »HC») «LMOA.MU.NN.Ml .NlfM2iN2»NF 

RCAL NX.K.IO 
IMTFGER ol.ZltR? 
INTEGER OATAIN 
DIMFNSIOM DATAIN(I00.3) 
COMMON/RLOCKI/ 

♦ t»»I2»I3.I/ni5.I6.1'«MiN»MI.NI.ICNTWU.IO.N0.NM)S»lWUN. 
♦ICAoD»IoplNT.lPNCH.ITAP3.irAP*.RH01tRHOi2tZEDl.ZEüi2.UTA|)U. 
♦ TAUMX.TAIIOFF.SIG     «nO.UO. tPS.Gl(4).Hl('»),MATEW.NX,l*ET«» 
♦K.L«M8DA.SIR.SlT.S23tS2T. 
♦DFN.CP.R.EXPER.PW.Rl.Zl.Rü»IPLOT,PROBMOfTICU,XLEN.YLEN«SfALEXt 
♦ SCA|En,<:CALEY2,XTlTLE(5)»rTIILEl(5).YTITLE2(5).NAME 

EDUTVALENCE (Il.OATATN) 
DATA (OATAIMUt1),I = J.<»?)/'»?'80.20.3»l«0»i.2.11.100,'«t6.6.3. 

♦4.0, •!.,-.5546, l.i0^..003S>»5..5i..l2q2»2«0.t.001.4»0r»0..3».0l5. 
♦3HKrL,1.47,4.8E-4..0653,10»6.-.34E-5,.05E-S,.lE-5.-.lt-5.1.98, 
♦ .6'3i»1.25«,lHl,?4.7,11,ll»1.174H7?04,,5»20.,9.,30,,.l»»l. 
♦ 10HTl«E(>;ECON,3HD<;).-l»IH   »10HtEMP-OE6r   tlOH  ABOVE   AMB, 
♦3»1M   .lOHMEAN  TEMD   .10H  ABOVE   AMH,3»lH   »7MÖARRETT. 
♦ ICH-jAOIAl    DIS,10HTAMCE,RHO-,4M<CM).1H   «IH   ,10HAX1AL  DIST. 
♦|«HaNCE,7-(CM,lH),lH   .1H  / 

DAT«   (0ATAIN(I,?),I = »,<»?)/2HI1.2HI2.2H13,2HI4.2HI5, 
♦?HIfi,2H!7,lHM«lHN.2HMl,?HNI,4MICNT,2HTU»2Hlü,2HN0.3HNMA, 
♦4H!oUN,5MlCARD,6HTPOTNT.5HIPMCH,^HITAP3,5HITAP4,4HRH0l. 
♦<;MRH0l2,4H7EDl,SH7Enj?,5HUTAUU,5HTAUM)(,6HTAU0FF,3HSIG» 
»?HQ^,2Hiin,3HFPS.5HG1 r I) ,5HG1 (2) ,qHGl (■>) «SMGl (4» .5HH1 (1) , 
♦ 5HH1 (2).qHHl(3),5HH1f4).8HMATtRlAL,8HREF.IND.,4HBETA, 
♦9HTHER.CnNn,6HL4Mq0«.3HSlR«3HSlT,3HS2R,3HS2T» 
» 7HDFM<;ITY,9MSPtC.AEAT,6HP«01US.5HEXPER, 
♦3HPwR .3HR1«.7H71«.3HKZ«.9HP| T?1Y.2N,6HPR08N0,4HT1CU, 
♦ 4HXlEN.4MYLEN,7HX-S':«l.E,8MYl-<:CAl.E.RHY2-SCALE,6HXTITLt, 
♦ 1H2,1H311H4,1H5.7HYTTTLF1.1M2,1H-1,1H4.1MS,7HYTITLE2,1H2, 
♦ lM3,lH*,lH5,RH0PFoATriR.3HXTl,JHXT2.3HXT3, 
»1HXT4.3HXTS,3HYTI,3HVT?,3HYT3«3HYT'.,3HYT5/ 
DAT« (0ATAIN(I.3).I = 1.<»?)/22»«.1<}»1,-1.11M.-1,1,4»Ü. 

♦-l,ft»l,?6»-l/ 
Il=t2=I3=T4=l5=T6=I7=? 
ICA50=5 
1MDTC=0 

IPBTNT=6 
ITAn3=3 
ITArj4=4 
M=8l 
N=?^ 
MI=MI=1 

tCNT»! 
M=0 
10=' 
N0=' 
HMX=1I 
IPUmslOO 
BHO^'O. 
PH0»2=1, 
7F0'=-.5'S46 
7Fni2=i.i«<»2 
nrMiO'.tDis 
TAIl'iX=5.n 
TAU^FF=5.0 
SIG=:.12P? 
on=MOso. 
EoS=.00l 
r,j c >=GI (?)=fiin)=Gi (4)=o, 
Hl(O=0. 
Hl<5)=Hl(3)=Hl(i)=:.0113 
MAT^R^IO-IKCL 
^X=i,47 
f)FTs«4,Rr-4 

001630 
ÖÜI640 
001650 
ÖC1660 
ÖÜ1670 
001680 
001690 
001700 
äul7l0 
ÖÖ1720 
ÖÖ1730 
ÖÖ1740 
ÖÖ1750 
OJ1760 
001770 
001780 
ÖÖ1790 
OÖ1800 
061810 
ÖÜ1820 
ÖÖ1830 
001840 
OÖ1850 
001860 
ÖÜ1870 
001880 
ÖÖ1890 
001980 
001910 
ÖÖ1920 
001930 
001940 
ÖÖ1950 
Ö01960 
001970 
Ö01980 
Ö01990 
002000 
Ö02O1O 
002020 
Öi'2030 
002040 
002050 
ÖÜ2660 
002070 
ÖÖ2ÖR0 
Ö02Ö90 
OÖ2100 
Öi>21IO 
Ü02120 
002130 
O'<2140 
Ö02150 
0.12160 
Ö0217O. 
ÖU21H0 
0Ö219O 
ÖU2200 
ÖU2210 
Öii2220 
Öu2230 
Öi.2240 
ÖÖ2250 
ÖÜ2260 
002270 
ÖÜ22H0 
OÖ2290 
OÜ2300 
ÖÖ2310 
Ö02320 
ÖÖ2330 
ÖÜ2340 
002350 
002360 



■ 

!;:• -^ 

mi   i- 

75 

80 

as 

■»o 

<»5 

loo 

105 

110 

US 

120 

125 

130 

135 

I!*«: 

äl45 

K=.;-<6S3 
OlrNsl.?«^     • , 
C°=.6i51 
9=1.25fl 

I0 = 7<».7 
l?.l=ol 

IoLoT=l 
NIUMc-xlOHOARRF-TT 
poORNO=inH720'> 
TTCM=.5 

XLEM"?0, 
YLEv^'EO 
SCÄI EX=l?E0 
SC«|EVls,?E0 
SrAi EY2=,?E0 
»TITLE(l)=10HTlME(S^rON 
)(TITLE(?) = 10HOSI 
YTTTLElmslOHTE-MP-nrCC 
YTITLE1«9>=10H  AHlVF  AMR 
YTITLEZ(1)=10HMFAM  TF-MP. 

YTITLE2(-»»=   lOHABoVE   AMB. 
I?10  CALl    OETnATA   (D»TAlM,O?.Atb.6»3.10(H3O0.INUIC) 

WRITE(IT«P3)   OATATN 

M1SI<»1 
N1=M*1 

' :^7si>l*l 

.CALCULATE   THE   INr.RF«FNT  AHRAY,   EM>..t 

RMSM 
RMaM    :    ■ , , 
E(1>»RH012/RM 
E(2i«E(l) 
E(3i»ZEni2/RN 
F(«i«E(3( 
0!»Mo«E(l) 
07f.-i«E(3l 
NSe-i«0 

• INITIäLT'E  (J.UST»M.Q.UPRlM»AtBtC.D« 

00  '0   1   =   ItMZ 
IJ0R|M(H   =  0. 
Ad)   =  0. 
B(!>   =  0, 
C<h   =  0. 
o(h = o. 
00  '0 J =  1,N2 
ijtliJ»   = (10 
UST^Rdt I)   *  0. 

20 Od.J)   =  0.     ' 

USTAR.0,l|RRIM»A.8.C.n. TNlTIALIZEO TO ZERO.  U » UO 
00 ?1 I = 1.M1 
00 >l J = 1>N1 

21 UFlMdtJ) =0 

UFIM HAS BEEN INITIALIZED TO ZERO 

PUTS tEji   -  COORO IM 7FINU) 

00 17 J = ItNl 
JJ x J - 1 
ZJ = JJ 

17 ZFIMU) = ZED1 ♦ 7J»0ZED 

PUTS RHO-COORO IN RFINd) 

DO «8 1=1,Ml 
IT = I - 1 

152 

602370 
Öi)23H0 
ÖU2390 
ÖU2400 
ÖU2M0 
S02i»20 
ÖÜ2430 
ÖÖ2440 
ÖJ2450 
Öi)2460 
002470 
6J24«0 
0^2490 
ÖÜ2500 
ÖU2510 
002520 
ÖÜ2530 
ÖÜ2540 
ÖU2550 
ÖÜ2560 
802570 
ÖÜ25S0 
Öi/2540 
002600 > 
ÖÜ2610 i 
01)2620 , 
ÖÜ2630 
ÖÜ2640 
ÖÜ2650 
ÖÜ2660 
502670 
002680 
ÖÜ2690 
ÖÜ2700 
ÖÖ2710 
032720 
ÖÖ2730 
002740 
ÖÖ2750 
ÖÖ2760 

Ö02770 
ÖÜ27S0 
ÖÜ2790 
Ö02800 
602810 
ÖU2820 
ÖÜ2830 
ÖÖ2840 
602850 
ÖÖ2860 
ÖU2870 
ÖÜ2B80 
602890 
Öi)2900 
ÖÜ2910 
002920 
ÖÜ2930 
0(12940 
Ö«2950 
002960 
0112970 
ÖÜ2980 
00299» 
003000 
003010 
ÖU3Ö20 
ÖÜ3Ö30 
ÖU3Ö40 
0Ü3t50 
603860 
ÖÜ3Ö70 
ÖÖ3ÖaO 
003090 
ÖU3100 
ÖÖ3110 

; 



ISO 

155 

16(1 

lt.5 

170 

175 

ISO; 

185 

190 

1<>5 

200 

205 

214 

C 
C 
C 

RI   ^   II 
1H  «rivd)   =  RHOl   ♦   PlenPHd 

oilf;   HALf-INC   R^O-CinoD   IN  RHOd» 

00  i.b   I   =   NM2 
II   r  ?»T-3 
RI   =   II 
RI   =  RI/'. 

*6   RHOd»    =   RHOl    ♦   Rl'DRHO 
WRITE IIPR INT.2<>0) eI.RHO(H>I = l>H2> 

oil!«;  HAl.r-INC   ZfD-CooRD   IN  ZElMJl 
DO  ^5  J  =   1»N2 
I I  -.   ?».»-1 

R I    =:    .)J 
R I    r    RJ/?. 

55  zrofj)   3  7ED1   ♦  R.l'rvEO 
WRITE(IPOINT.29?)    ( I.ZED(J)i.)!tltN2» 

OFBuG PRINTOUT  COMTROLLEO  BY   13 

no TO (?.3)« 13 
?   WDl->-E(lPOlNT.26n) U 

^a'lTE(lPOINT.260) USTftR 
^RlTE(IPoIMT.26y» O 
i<RlTE(lPRlNT.26ri) (JDRIM 
MRITE(IPOINT.26O) A 
><RITE(IPDINT.260» B 
^OITE(IPRINT.260) C 
WRJTE(IP:>INT.260) D 
«IRITE(IR<JINT.260) UFIN 

3 Ir(TU.Ef5.0) GO TO 3? 
9F«r,(lC»raD,??5) 1.1 

3? IF(TO.EO,0) GO TO 3& 
IF (»0,Er), 1> GO TO 31 
RFA-,(IC»pn.??5) O 
GO TO 34 

31 CALl GAU=;S(IPHlNT.SIG»RHO»M2,N2tO»O0) 
3* GO TO (35.36). I« 
35 «RITE(IPOINT.26?) U 

WRlTE(IPRINT.26n) ((0(I«J>»I=2»Ml)tJ=?tNI» 
36 NN = 0 

'«lTE(lPOINT.28p> 

RETURN 

210 F0R'«AT(6FI?.5) 
220 F0RwAT(7T5.T71.I5,IS) 
?25 FOR«AT(7F10.3> 
760 FOR<AT(l'-(0.I0(E10.3.1X)l 
?R0 FnP'<AT(lH0.»ENO OF OATINll») 
390 F09MAT(lH0.»I«ftHO(ll =».5«I5.t-8,4l) 
?9? FOR'<AT(VM0.»J«ZEn(J) =».5(I5.t-8.4>) 
130 F0R'<AT(rn5.T71.IS.I5» 
331 FnRwAT(7IS.T71.I5.I5) 
■»35 F0R'<AT(5F12.5.171.15,15) 
136 F1ip,<AT(4FI?,5.T71.I';.I5) 

EMO 

U03120 
ÖÖ3130 
0Ü3UO 
OÜ3150 
ÖU3160 
01)3170 
ÖÖ31flO 
&Ü3190 
ÖÖ3200 
603210 
ÖÜ3220 
403230 
053250 
ÖÖ3240 
ÖÜ3260 
003270 
ÖÖ3280 
ÖÜ3290 
Ü63300 
ÖÜ3310 
0Ü332O 
ÖÜ3330 
003340 
ÖÜ3350 
ÖÜ3360 
003370 
063380 
ÖÖ3390 
003400 
003410 
5ü3420 
003430 
0Ü3440 
Ö034SO 
003460 
003470 
6Ö3480 
Ö53490 
003500 
003510 
003520 
ÖÜ3S30 
ÖÖ3S40 
033550 
OÖ3560 
003570 
OÖ3580 
OÖ3S90 
0Ü3600 
003610 
OÜ3620 
Ö0363O 
OÜ3640 
OÖ3650 
OÖ3660 
0Ü3670 
003680 
9U3690 
003700 
003710 
063720 

153 
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A.3   SubroutintCYLTMP 

SllrtoOUTlNE  CYLTMP 
RF*I    LMO«.   MU 
COHMON/RLOCKI/ 

♦ T,,i2,13.i4,ts.I6.17.M.N.Ml,NI,ICNT»IU.10.N0«NM*tTHUN. 
♦ ir«oO.Ii»oINT.IPMCH.tT«P3.ITAo*.«M01fPHOI2»ZtDl.7EOl2tüTAiiu. 
♦ T«U'tXtT*MOFF.Slr,     ,00,110. tPS.Gl«i.),Ml(*).M*TER«NX.ÖtTA, 
♦K.L»M(|D»,SlR,SlT.s2o.S?T, 
♦ 0FN,CP,R.EXPei»,PW.R1,71.»ü«lPL0T.PPOBMO,TICU.XLEN«»LEN,Sr*LEX. 
♦ SC»lEVl,';CALFV2.XTlT|E(S)«»TIILE|(S»,YTlTLt2(5I.NAMt 

CO"MON  Al«?) ,B(9?) ,r (B?) ,U<S?I ,UoRIM(fl2l .RM0(82) ,RFlNt«2l • 
♦ IIC«».?2) ,IISTAR(H2.2?) .0(82,??) .UFIN(8?.22I .USPLMt82.22» , 
♦ ZrK>(??) .7ED(22) ,e-(41 ,0(41 .Hi«» ,LM0A.MU.NN.MI.Nl.M2,N2.Nr 

OIMCNSIOM F|l82»,F2(A?l,X«B2).Y(92».S<:(82).SSI(e2I.SS2<B?l. 
♦ 0i|*(8?l .VIJ(8?I .RRPCB't .XRIU?) ,ZZ7<22) .XZ(22) .T(l) 
MF(».V>   =   (2.-X»Y)/(?.*X»r) 
GF(y.Y.7»   =  2.»Y»7/(7.»x»Y» 
no »2 i = I.A    i 
Sdi   « OKI» 

I? «di   « H\<I» 
'JIRITE<IPOINT.25';»   E 
OOHn «Ed) 
07En  » F(3) 

•   USING  FUNCTIONS Hf   BNi»  GF C NOM  *IE  OELOAD   ARpAY«;  H  AND  0 
C 

00  10  I  i   !.<• 
GdT» GF«H(I».e(t).r,(I>> 

10  Hdl   a  HF(H<I).F(Tl) 

oo y I=UMI 
3 RPRlI>«RFIN(II 

00 4  TM.N1 
* Z7Zrl>=ZFIN(I) 

C WE  NOW  WRITE  OUT  THE  NEW  VALUES  OF  ARRAYS  6  AND  H. 
C 

6 
H 

WRlTE(IORINT.25r)» 
WRITE(IPOINT.24S) 

TAU ■ 0. 
ICNTR = n 
NF = 0 
TFIn *  0.0 
MS«» 
IF (TAUOFF ,GE. TAUMX> MS"1 

C 
C MAIN ENTRY FOR NtW l,A.D. CYCLE 
C 

SS       OTAII«OTAI|0 
*0  IF<MN,GF,NMX)   GO  TO  45 

IF   (NS   .FO.   0)   GOTO  «5 

CONDITIONAL CALCULATION OF UTAU, WHEN NN.LT.NMX 

RNN « NN 
RNO • NO 
REX ■ RUN/RNO 
OTAM « 0TAU0»2.»»oEX 

75 

C ..IMCoEMENT TAd.MN. ICNTR  
C 

GOTn (330.340.360,310) MS 
IF (TAU»?E0»OTAI) .LT. TAUOFF) GOTO 33« 
MS»1 
0TA||«(TAII0FF-TAU) /2E0 
GOTO 330 
MS»« 
00 150 Jsl.N? 
00 -«50 Isl.M? 
Q(I.J)*OEO 
CONTINUE 
G{li"G(2)«G(3»«G(4)=p. 
NN«« 
GOTO 55 
TAUaTAU.OTAU 
NN = NN ♦ I 
ICNTR « ICNTR ♦ I 
LMO» « 0TAU/DRH0»»2 
MIJ . DTAM/DZED»»2 
GO TO («7.48).I? 

*T WPlTE(lPOINT.26S)TAU.LMOAtHU.NN.N0.ICNT»ICNTR 

340 

360 

3S0 

330 

003730 
ÖU3T40. 
0Ü3750 
Öu37f>0 
ÖC3770 
Öü3780 
ÖÜ3790 
ÖU3800 
«113810 
ÖU38?0 
0Ü383O 
ÖÖ3840 '• 
Ö038SO 
0Ü386O 
ÖÜ3870 
ÖÖ3880 
Ö>)38<»0 
003900 
OU3910 
ÖÖ3920 
003930 
Ö0 3940 
0Ü39S0 
003960 
ÖÜ3970 
003980 
ÖÜ3990 
Ö04000 
004010 
Ö04020 
ÖÖ403O 
Ov<4040 
ÖÖ4Ö50 
ÖU4Ö60 
ÖÖ4Ö70 
ÖÜ4Ö80 
ÖÜ4C90 
ÖU4100 
004110 
Ö04120 
ÖÖ4130 
00*140 
ÖO4IS0 
004160 
0Ö4170 
Ö04IH0 
ÖÖ4190 
ÖÖ4200 
004210 
Ö04220 
604230 
ÖÖ4240 
ÖÖ4250 
004260 
ÖÜ4270 
Ö04280 
0Ü4290 
004300 
ÖÖ43I0 
ÖÖ4320 
904330 
004340 
404350 
ÖÖ4360 
664370 
ÖÖ4380 
0Ö439O 
004400 
ÖÖ4410' 
004420 
ÖÖ4430 
ÖÖ4440 
0Ö445O: 
Ö64460< 
ÖÜ4470! 
0Ü448O] 
004490; 
004500: 

ÖÖ4510 
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80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

1*5 

150 

MOO  SO   1=  ?«M1 
IHl.it   =  H<3)»U(I,2l*Gn) 

A(H   = LMn*»<l.-F(ll/->./RMO(!)) 
Bdj   =  -(2.»LMO»*l,) 

50 Cdi   = LMnA»<l.*E(l)/2./R"0(I)) 

COMoLETE  THE  BOPOrRTMG  OF   THE  COMPUTATION LATTICE 

OO   '3  J  =  2.Ml 
IWI.J)   =  H(1)»U(2.J)*R(I) 

11  IMM5.J)   =  H<2>»U(><1..I»*R(2) 

...TOUCH UP OF COEF^IrlEMTS H«l)  
B(?( = 8(2) ♦ A(2i»H(l) 
FHMi) = q(Ml) ♦ C(M1)»H(2) 
00 70 J = ?.N1 
DO fO   I = 2.Ml , ,,lr , 

60 0(1*"= -MU»(U(1.J.1)-2.»U(1.J)*U(I,J-1))--ÜTAU»Q(1.J)-U<I.J) 

C 
c.. ■ 
c 

TOUCH UP OF THE 0 COFFFlCitNTb. 

0(2) = 0(2» - A(2)»r1(l» 
0(Mi) = n(Ml) - C(Mn»r,(2) 
C«Ll TRinAr,(2.Ml ,«,n,C.DtUPRIM) 

C 
C....«* HaVE JUST SOLVEn THE TRlUIAliONAL EQUATIONS  
C....THf oEsULTS APE STnRFn IN UPRTM.. THE CONTENS OF UPRlM.i 
C...,MIJt!T NOW RE TRANSFFR^D TO COLUMN .1 OF ARRAT USTAR....... 

c 
00 f,3 KK = 2«M1 

. GO T0 (eTtft*)» 13 
63 MI?ITE(IP3INT.28-) KK.A (KK) «B (KK) .C(KK) .ü(KK) fUPRIMCKKl 

64 00 -fO K = 2.Ml 
70 U5TfR'!<.J> = UPRTMCO 

CALrULATF U ON flOuNOARY ANU EVEN LATTICE POINTS BT 
flFNOOW INTERNAL SoLIME EXTHATOLATION TO BOUNDARY POINTS. 

IF (ICNTR.GT.l) Gn TO 16 
NF = NF*1 
TFtu = TMJ - DTAU 

RFNnOW MOOIFICATION OF SPLINE INTERPOl ATION BEGINS AT IHtb POINT 
IT rONATSTS OF ^XTRADOLATIONS TO THE BOUNDAhY, USING bLOnt SSU 
ANO VivLUr SS AT! IMTFOIOR HOINIS RHO(?» .KH0(M1) »7EU (2) »4tn (Nl) . 
OTHFR CAI CIILATION'; ARE MAUE RT THIOD ORDER SPLINE INTtHPnLATION 
ANO THE ACCURACY nF THE INTERPOLATION IS CONTROLLED BY Tnt 
CMOtCE OF OF EPS 

THE FIRCT STEP IM THE oROCESb IS SPLINE INTERPOLATION OE U(I.J) 

RFLäTIVE TO RHO-VaLUES. INUEX I. 

00 »60 T = 2.Ml 
160 X(t-l) = RHO(I) 

00 161 J = 1.M1 
16| XO(.|)=Rpo(J) 

XR{>) = DHO(?) 
Xll'Al)   = RHO(Ml) 
00 i62 J = 2.N1 
DO '63 1 = 2.Ml 

163 Y(I-1» = IHI.J) 

IF( i.GT.T)   GO   TO   1 
WRITEUPWINT.ZI») 
KoiTE{lPoINT.20n)   X 
W^IrEdPoINT^OO)   Y 
WRlTEdPRlNT^OO)   XQ 
C»L|    SPLMT(M,Ml,EaS,x,Y.XH.SS«SSl.SS2.CIUA) 
CALL   SPLNI(M.M1.EDS.X.Y,XH»SS«SS1.SS2.QUA) 

SS «ND SSI ARE USED «T THt ENU PnlNTS IN THE B8 VEHSIUN. 

00 '64 KS = 1»M1 

ÖÜ4S20 
004530 
Ö&4540 
ÖÜ4550 
004560 
Ö&4570 
0Ü4S80 
OU4590 
ÖÜ4600 
Ö04610 
ÖU4620 
ÖU4630 
004640 
ÖÜ4650 
ÖO4660 
ÖÖ4670 
004680 
dU46<»0 
ÖÖ4700 
ÖÜ47I0 
ÜU4720 
ÖU4730 
ÖÜ4740 
ÖÜ4750 
Ö04760 
Ö04770 
004780 
ÖÖ47t)0 
ÖU4B00 
ÖJ48I0 
ÖÜ4820 
Öü4830 
Ö04840 
ÖJ4850 
ÖO4860 

Ö04870 
ÖJ4RflO 
004890 
ÜÜ4900 
ÖÖ4910 
ÖU4920 
004930 
Ö04940 
604950 
004960 
ÖÜ4970 
Ö')49R0 
004990 
ÖoSOOO 
ÖU5010 
0Ö5Ö20 
ÖÜ5030 
ÖÜ5040 
ÖÖSÖSO 
ÖöSÖfeO 
ÖU5Ö70 
0U5080 
ÖU5090 
Öü5l00 
ÖIJ5I (0 

ÖJ5120 
Ö05130 
Ö»S140 
Öü5150 
0ii5160 
Ö05170 
ÖO5180 
Öu5190 
Ö05200 
ÖO5210 
Öu5220 
005230 
Ö05240 
S05250 
ÖÖ5260 

■ 
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160 

IbS 

17C 

17^ 

iao 

185 

ITi 

\ 

1 
1 

" 
: 

! 
P'        \ 

:■ * 

1^5 

200 

2i)5 

210 

215 

220 

225 

gXTÖAPOl «TTOM T" BOHNniPYi USING SS AMU bbl 
ÜSPIN ll.J) = S<UnMRnNtU-WHO(2))»SSl(U 

l}SO|.N (M1.J( 
162 CONTlMlJE 

SS(MH•<«FlN<Ml»-,'H0<M',,,SSllM1, 

>*   MOW  HaVF  FVEM     RMO-INTtHPOLATEO   VALUES  OF   U.     WE  NttU  tVEN 
7FD-IIMTEOP0LATED  -/A|;ilES  &   U   TO   TNSERT   IN  UFINd.J.K). 

TME  FOLLnwiNG  STEP  noFS  SPLIMt   INTERPOLATION  IN  THE  Ztü-nlHECTION 

DO   <66   I   =   2.N1 
i6f> xn-it = 7E0(i) 

00 '67 ,1 = 1.N1 
167   <?(  |)=Z77(J) 

i7{'\\   =  7ED(2) 
X7(MU    =   7E0(N1) 
DO   16«  T   =   1«M1 
00 '6Q I = 2-N1 

164  Y(J-U   =  USPLNd. I) 
C 
c 
c 
c 
c 
c 
c 

c 
c 
c 

TF(7.r.T.1)   00  TO  P 
^irEdPPINT.Zln) 
wslTEdPJlNTtZOO)   X 
iJoiTE(IP.-)TNTt20n)   Y 
WPITE(IOE>IMT.20I'>)   X7 
CALl    SPLMl(N.Nl.FoS.X.Y.X/«SS'SSl.SS2,QUA) 
CALi    SPLMI(N.Nl,FnS.X.Y,X/»SS«SSl.SS2,QUA) 

THE   INTF^POLftTEO  oEsill T   IS  NOW   STORED   IN  Uf IN 

DO   '70  ,)  =   l.NI 
170  DFMd.J»   =  SS(.I) ■ „  _-- 

FXT^APOLATIOM  TO  BO'IMDARY»   USING  SS   AMD  bSl 
nriMddi  = sS(l)»(7ciN(I)-ZEU(2))»ssi(l> 
IIFlMd.Mll   =   SS(Nl)»(7'rTN<NI1-Zeo(Nl))*bSl(Nl) 

16H  CONTINUE 

T4IS  COMDIFTFS  THF  OSLCHLATION  OF  UFIN(1.J>   FOR  THE  CU^kriMT 
WAL'iE  OF  K  =  NF  BY  THIRD  OHOFH   SPLINE   INTERPOLATION  ANÜ 
FXToAPO|.,"TIOM   TO   THF   BOUNUARTtS. 

DO   '3(1   I   =   1.M1 
00   '32  ,')  =   1.   Nl 

13?  YU( 0   =  i|FTN(I..I> 

r,A| L'SPI MI(Ml.l.FPS.7FIN»YU,I.SS.SSl.SS2tQUA) 

130  Fl (!)   =  oi|A(Nl) 

THIc;  COMPLETES  THc   CALCULATION  OF  Fl 

00   136   I   =   1.M1 
'36   Y'I(T)   =   FV(I)*ftFTw(T) 

T(M   = oriN<l) 
C4LI   'SPL'II (M1,1.EPS.PFTM.YU,T.SS.SS1.SS2.QUA) 

or  -39  11  = ?«Ml 
13^  FPITI)   = 0U«d:n/5FTMdT>^*2 

F3(iI   =   ^.S»F1(t) 

THI«;  COMPLETES  THF   rsLCIILATlON  OF   F2 

.IPlTEdT'P3)   NF.TFlM.PFTN»^FTN.UFIN.Fl.F2 

jr tl = \ TYPE 'MIT FJ äMO f?. 
IF ,5 = I TYPE OUT IIFTM. 

IFdl.F.O.'.AMO.IS.EO.?» GOTO J7Ü 
IF(Tl.NE.n GOTO -i7l 
W?ITE(IPPINT.30 1 
00 171 I-I.Ml.S 

171 -(PITE d^PTNT.S^M I.Fl(I>»F?'tl! 
-171 TFdS.NE.D GOTO 17" 

MolTEdPPUJT.lS-'l 
00 •'74 1 = 1 .^I'S 

•)7(. VOlTEdPrjIMT.SHI) I.(UFTNU. II.J^l.Nl.S» 

0U5270 
005280 
Ö052PO 
ÖÜ5300 
ÖU5310 
505320 
ÖÖ5330 
5*053*0 
ÖS5350 
Öii5360 
ÖÜ5370 
ÜÜ5380 
505390 
5ü5400 
5ii5410 
Öij5420 
Ö05430 
0u544Ö 
ÖÜ5450 
555460 
Ü05470 
505490 
Öi)5490 
505500 
005510 
Ü05520 
505530 
ÖÖ5540 
ÜU5550 
flü5560 
Ö05570 
ÖuSSftO 
ÖÜ5590 
005600 
005610 
0^5620 
5ii5630 
äo5640 
505650 
Ö05660 
ÜÜ5670 
505680 
505690 
ÖÖ5700 
505710 
005720 
ÖU5730 
Ö05740 
505750 
505760 
ÖU5770 
ÖÖ5780 
ÖiiS790 
Ö05800 
ä05810 
005820 
605830 
005840 
ÖU5850 
ÖJ5H60 
005870 
005880 
5Ö5890 
005900 
505910 
Ö05920 
Ö0593O 
ÖÖ5940 
005950 
Ö05960 
«05970 
ÖÖ5980 
Ü05990 
ÖÖ6000 
0O6010 
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230 

23S 

240 

2*5 

250 

255 

260 

265 

27ü 

275 

2ao 

2B5 

29U 

295 

300 

171  rodjTlMUF" 
TMf  RECOPO  OF   Twf  S"! IMF  CALCULATION   ANÜ   INTE3RATI0N  HAVE  8EEN 
WrJZH  «S'THE  «JEvT  oFCnfTON   IAPF   3. 

,....   THTS  K  THE  ENO  oF   THE  FIHST   HALF   OF   THE   I.A.D.  CYCLti. 
,..,.   THP   INTFRMEOIATE   A^PAY  USTAR  HAS   SEEM  CALCULATED....... 

1A  TAU  =  IAH  ♦  DTAU 
NN  =  NN  ♦   1 

.ApoLY  THE  9H0  HnilNDARy  CONRITIOWS. 

10  qO  J  =  ?«Ml 
i.isTs«(i,,i)=H<i)«iJ<;TA!5(?.J>*ri(i) 
USTiR(M?,J)=H(21«llSTAR(Ml'J) »0(2) 
AUi    =   Mil 
fl(Ji    =   -(?.»MU*).) 

80   C(.)i    =   Mil 

.COErFICirMT  B  TfillcH  IIP.... 

H<2)   =  H(?)   ♦   A{2)»M(3» 
BIN'»   = H(N1>   ♦  G(KtV»W(4> 

..CAi CMLATION  OF  CnE^FIClENTS  U 

DO '00 I = 2.Ml 
DO QÖ J = ?»M1 
O(J) "= -t MnA«(U<;T«R(T»l.J)-2.«USTAR(I,J)»USTAR(I-l.J)) 
D(,J) = Dl.D- LM[)A»ORHn/?./HHn(l>»{USTAR(I*l.J)-USTÄR(l-l.JI> 

90 0<Ji = DU) - OT4i|»n(T..I) - USTAR<I>J) 

... TOtJrH UP OF THE 0 COFFFjCIENTb..,. 

D(2i   =  n(?>   -  A(2)»o,(3) 
0(Ni)   =  D<N1)   -  C(Nn»fi{A> 

....CA||    TRInAG  TO  <;ni VF  THE  TKIDIAGONAL  SYSTEM  OF  EQUATIONS.. 
 THr   PESIILT   WILL   BE   PETURNtD   IN   UPRIM   ARRAY ?....* 

CALl    TRnAr,<2.Nl.A.o,C.n.UPRIM) 
DO  o3  KK  =  2.Ml 
r,o rO  (9-1.94) »n 

93 1l3lTE(IPi)INT.28':)KK.»(KK)»B(KK).C(KK),0(KK).UPRIM(KK) 
94 DO   lOO  ,1  =  2.N1 

100  Dd.J)   =  IIBRIM(J) 
Ic(tCMTP.LT.ICNT)   GO  TO  40 

.AT  EACH  agTlHfW  TO  4«   BtGlMS  ANOTHER   I.A.D,  CYCLE... 

IONTR  =   1 
m TO (in.U2).17 

111 CONTINUE 
WPITE(ID'?IMT.27'I)   TAM.OTAU 
DO   ilO   I   =   2.Ml.Mr 
i5HmE(lPinWT*275)   I.PHOd) 

110  WP1TE(1PPINT.320> (U(T..») .J=2,N1.WI) 

112 CONTINUF 
IF(TAI).| c.TAIIMXl    ^O   TO   40 

C w lEu  TAM EXCEEDS  TAiWX»   THIS  bUBROUTE  RETURNS  TO  THE  MAIM  PROGRAM 
C Tgnos,   »FTER  PRlNTlMr,   »TAU.GT.TADMX  -  CTLTMP  RET  TO  TEMPc< 
c FND OF i*A.n. CYCLE ..• 

rfRlTEdPPlNT.U) 
RPTi'RN 

11 FoH««AT(1^0.»TAU.r,T.T4UMX - CYCLTMP RET TO TEMPS») 
'GO FoO'<AT(1uO,10Fln.4) 
210 FOO.<AT(lH0.»DEBiir,« X.Y.XX») 
,45 FnRMAT(lH0.»Hl.H?.H->.H4 =«.4 (tlO. 3.3X) ) 
250 FOR>'AT(lM0.»r.l.r,2,GT.r,4 =».4(tlÖ. 3,3X)) 
?S5 FOR»AT(lH0.»Fl.ir?.E-«,E4 »•.4(tlÖ.3.3X)) 
?6S FnRiMT(1"0«#T*U.LMOA.MII,NN«N0»lCNT.INcTR =»»3(E10.3i3X>/4l5) 
?70 FDR.iATdHO.'TAU = ».FlO.St'DTAU = ».El0.3> 
275 FOR.«AT(mO.»I«RHn =»l5,Fllj.4) 
P95 Fno.»AT(lM0.I5«3<."=(Fl0.1»3x)( 
120 FfiP'ATdw .10(E10.3.3X)) 
180 FORMAT (/.IHO.»    i».7X.»Fl(l)».8X,»FZd)*./» 

006020 
006030 
006040 
ÖÜ6Ö50 
ÖÖ6Ö60 
006070 
006080 
006090 
0(16100 
006110 
ÖU6120 
ÖÖ6130 
0K614O 
ÖÜ6150 
ÖÜ6160 
ÖÜ6170 
ÖÜ6180 
ÖÜ6190 
ÖÖ6200 
Ö66210 
ÖÜ6220 
ÖÖ6230 
006240 
ÖÖ6250 
006260 
ÖÜ6270 
ÖÜ6280 
006290 
01)6300 
006310 
006320 
606330 
6Ö6340 
006350 
006360 
006370 
ÖÖ6380 
006390 
5Ü643C 
Ö06410 
ÖÖ6420 
006430 
0Ö644O 
ÖÖ6450 
ÖÖ6460 
006470 
006480 
S06490 
006500 
ÖÖ6510 
Ö06520 
ÖÖ6530 
606540 
6Ö6550 
006560 
6Ö6570 
006580 
ÖÖ6590 
606600 
Ö06610 
606620 
Ö06630 
006640 
«06650 
ÖÖ6660 
ÖÖ6670 
006680 
ÖÜ6690 
6Ü6700 
006710 
Ö06720 
ÖÜ6730 
ÖÖ6740 
6Ö6750 
006760 
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3U5 (81   FORMAT   (lH0.T5,2(1X.r|C.3)) 
18?  Fn«<AT   f/.lHO»» I»,10X«#UF1N(I»J)   FROM  J«   1   TO NJ  •♦/) 
181  FnHvtAT   (1HO.I5.10(3X.F10.3)./«1HO»10X,9(3X.E10.3)./. 

»lMÖ,23X,i.(3X.Eln.i)) 
E^JD 

006770 
006780 
ÖÖ6790 
ÖS6800 
606810 

A.4   Subroutine TRIDA6 

i 

10 

15 

20 

25 

30 

SllflDOIJtniE TRID4R (Tr,L.A»H.C«Dr\/) 

THF SUROOUTINE FrtR SOLVING A SYSTEM OF LINEAR SIMULTANEOUS 
FOUsTION" HAVlNfi  A TRinlAöONAL COEFFICIENT MATRIX. 
THF EQUATIONS ARE NUMBERED FROM TF THROUGH Lt AND THEl« 
SUB-DIAGONAL. DTAr,OMAL« AND SUPER-OIACONAL COEFFICIENTS «RE 
STOnEn 1*1 ARRAYS j.R.C.  THE (JOMDUTEO SOLUTION VECTOR 
y;(tr) ,V(L) TS STORED IN ARRAY V. 

DIMrNSIOM A(l).i;l(l).C(n.D(l).VU).BETA(82>.GAMMA(8Z) 

....COMPUTE ARRSY«^ BETA AND r,AMMA .♦. 

qFT/iUF)   = BrlF) 
GSM-..A(1F)   =  0(1F)/8FTA(TF» 
irpj   =   Tr   t   1 
00   '   I   =   IFP1.L 
BFTMI)   = BIT)   -   »(I)»C(I-1)/ÖETÄ(I-I) 

I   GAMyAil)   =   (0(I)-»(Il»r,AMMA<T-l))/BETA(I) 

.COMDUTE  FIMAl.   SOLUTION  vtCTOR  V 

V(Li   =  GAMMA(L) 
LAST  * L  •>■  If 
DO -? K =  l.LAST 
I   =  L-K 

2  V(li   =  G«MMA(I)   -  C(I)»V(1M>/BETA(I) 
RFTiiRN 

EMO 

158 

006820 
ÖÖ6830 
006840 
006850 
ÖÖ6860 
6Ü6870 
0Ö6880 
606890 
006900 
ÖÖ6910 
006920 
606930 
6Ö6940 
ÖÖ6950 
6Ö6960 
0116970 
6Ö69B0 
ÖÖ6990 
6Ö7000 
067610 
6Ö7Ö20 
ÖÖ7Ö30 
ÖÖ7640 
637450 
657660 
607670 
6S7Ö80 
Ö57Ö90 
607100 
ÖÖ7U0 
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A.5   Subroutine GAUSS 

I a 

15 

20 

miaROUTlNf: 'RAUSSdnfflNT'SIGtKHO.M.N.O'QO» 
DtMrNSIO'J   RHOdl .O(W.N) 
IM'dG.EO.O.I   GO  Tf  !") 
ST«' = Sir,»»2 
1F(IO.GF..001)   r,0  Tfl  5 

lOOO  10 = .5/Slr,? 
*5   ^1     s    M-l 

Nt=M-l 
no    in i = a.MI 
DMO^   =   RHOd)»*? 
OTEsTs.SoDHO^/Sir,? 
TF fOTEST .GT. ??n.l 10?0»103U 

IA2O oa=i. 
r,oTo   10«n 

1030  QO=nO»EKp(-OTEST) 
lO'tO  CONTINUE 

00   IO  J  -   ?.Wl 
10  0(1.j)   =  00 

R^TMRM 
ZO walTE(IPWTNT.100» 

10P FOR-AT(1HO,»SIG = 
R^T'iRN 
EN" 

0. DEFAULT OPTION I«;  Q = 0») 

007120 
01)7130 
007140 
ÖU7I50 
ÖU7160 
0Ü7170 
ÖÖ7180 
507190 
097200 
507210 
637220 
6Ö7230 
ÖÖ7240 
007250 
007260 
ÖÖ7270 
007260 
ÖÖ7290 
007300 
ÖÜ7310 
007320 
ÖÖ7330 
5Ö7340 

'■l 

1!) 

15 

20 

25 

30 

35 

51 
4 

5? 

S 
6 
7 
fl 
9 
in 

A.6   Subroutine SPLNI 

SilRsOUTlNH7   SPLNI (M.>uFPS»*«Y. I »SStSSl .SSZtUUA) 

FtNO   THIBD  OROEo  qPITME  FCT     rOR   A  FCT  TU)   GIVEN  AT   THE 
ROIvTS   (ym.YUI 1 
FtiLI.OWINfi CHAP.'i Of ""L? OF PALSTON ♦ WILF 

N = NO.OF GIVEN D/lTÄ POINTS 
M - NO.OF SPECIFIFO ARGIIMtNTS T( I) FOR WHICH THE SPLINt 

Sq.jTS FIRST OEo.SSl AND SECOND 0ER,SS2 ARE TO BE COHPuTED 
ras = EPOOR TOLFP^NrF  IN ITrKATTVE STEPS 
X= «RRAY OF STRiCTLV INCRtASING ABSCISSAS 
Y = ARRAY OF FCT VALUES 
J = ARRAY PF ÜESInEO ABSCISSAS 
SS = AROAY OF SPLTNF VA(.UtS , SS1<SS2 DERIVATIVES 
QUA = AROAY OF VAI.UFS OF INTEGRAL FROM xd» TO X(N) 
LTMiTATloMS N NOT L«PGEP THAN 50 

DTMPNSlON )(d).Y(i).Td).SS(1),SSl(l».SS2d) tQUAd) 
OIMrNSION H (82).H2(«2).DtLY(a2) .8(B2)»DELSY(8Z) 
DIw^NSION S2«82)iC(«?) .53(82)    ,, 
DATl OMEGA/1,0717q6B/ 
Nl=M-l 

Do =:! 1=1 .Ml 
H(Ii=X(ItI)-Xd) 
r)FLY(I) = (Yd»l)-Y(I))/Hd> 
On ^2 1=7,Ml 
H?(T)=H(I-1)*H(I) 
Sd)« .5»H(I-1)/ H2(T) 
OFL^Y d) = (OEl.Y (I) -DFLY (T-1)) /H2< T> 
S?(T>=2,»0FLSY(f) 
Cdi =1.»nELSY(I) 
S?(l)-0, 
S?(M)=0. 

FTA=0.' 
DO 10 I=',M1 
>i={r(I)-i1(I)'>S2(T.l)-(,5-ö(l)»«S?{I»l)-S2d))»0MEGA 
IF (ABS(w)-ETA) ln.10.9 
ETA^ABS(i.i) 
S?(T)=S7(I)»W 

007350 
ÖÖ7360 
5Ö7370 
5Ü73R0 
ÖÖ7390 
507400 
0Ö7410 
607420 
007430 
ÖÖ7440 
ÖÜ7450 
ÖÖ7460 
5Ö7470 
007480 
507490 
ÖÜ7S00 
ÖÖ7510 
6Ö7520 
5Ö7530 
5Ö7540 
ÖÖ7550 
ÖÖ7560 
507570 
OS7580 
507590 
007600 
ÖÖ7610 
507620 
007630 
5Ü7640 
5Ö7650 
507660 
5Ö7670 
ÖÖ76B0 
ÖÖ7690 
5Ü7700 
5Ö7710 
507720 
5Ö7730 

ISB 
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'tO 

^.s 

50 

55 

fcO 

65 

13 IF   (ETÄ-roS)   H.S.S 
14 DO  s3   T=i.Ml 

15 00   Al    J=1.M , K},    • 
1ft     I=\ 
Si IF    (T(J)-X(l))    ^H .XT'^ 
^        IF   (T(Jl-X(M))   ^7.51.59 
5ft TF   (Tl.lV-Kdl)   6i.)7.57 
57        1=1*1 

r,o  TO  5H, 
Si       MOITE   ("..44)   J 
4/.       FORMAT   <I4.24HTH   AR^IIMFNI  OUT  OF  RANGF) 

fin   TO  61 
'ha       I=N| 
M.       1 = 1-1 
17 HTI=T(J)-X(l) 

HT?=T(J)-X(I»lt 
pc(nn=HTl«HT2 

55?tJ)=S',(I>*HTl«s3'W 
DtL,=S=(S'n)*S2(I.l(»c;S?(J)) /b, 
sq( I>=Y(T) »HTl,*nEl Y(T)»PRÜU»ntLSS 
S51 f J)=nn.'MI)»(HTl*MT?)»UtLt;b*PR0n»S3(I»/6. 

61        CONTU|UE 
20  ouAfl)   =  CO 

6? on«(i*u =oiiA«n*.=;»H(n•(*<!)♦>(T*I)»-H(i)»«3»(s2(i)»i2(i»n>/2't. 
SFTiiH-N 

0U7740 
007750 
QÜ7760 
ÖÖ7770 
007780 
007790 
01)7800 
007810 
ÖÜ7820 
007830 
007840 
ÖÖ7850 
01)7860; 
007870 
ÖÜ7880 
007890 
007900 
ÖÖ7910 

007920 
ÖÜ7930 
007940 
007950 
007960 
Ö07970 
Ö07980 
Ö07990 
ÖÖ8000 
008010 

A.7 Subroutine GETDATA 

li* 

15 

20 

25 

30 

SUHoOUTTME ^,FT04T^(118TAlN^NV.lIN.10UT1•^OUT^.IIMl.lS^^t 

C THF*C|niM PUonnsE OF THIS SURHUUTINE IS TO INPUT CHARACTER STcING OH 
C MIJ^EOTCL n.iTA IN A («i-OMVFDSATlONAL'» MODE I.E. FOR INPUTTING UATA 
C TO PUOfinA^IS qFINfi HHN UMHER INIERCOM. 
C TT AL^O MAY q'E U^ED FnR HATCH PROCESSING-IN WHICH CASE THt U«TA 
C <:HOII| 0 «PPFA> 6 VAU)E< TO «CARD. DATA WHICH IS NOT TO BE CHsNGED 
C =;HOULn ^E REa| ACED MY Bl «NK«;-. FOP HATCH A| L OH 5.0ME OF THt 0«TA MAY 
C BE OrFAMLTEn flY IISINfi Aw E-OR AFTFH THE LAqT DATA TO BE INPUTTtU. 
C THF SUBnOliTTME ASSU'Fs TwAT OtFAHLT VALUES HAVE BEEN ASSIGNEn 
C AND WTLi PHIMT OUT THFSF DEFAULT VALUES BEFORE ASKING FOR UATA INPUT. 
C IT ASKS FOR MFW VALUES BY RRlNTIMb OUT THr WAMESI« OF THE UATA AND THEN 
C qKIPPTNr. A LTMF. VAI UFS TO RE ASSIGNED TO THE NAMES SHOULU rip 
C rNTERFU STARTING IN THE SAMF COLUMN AS THF START OF THE NAME. 
C FACH OATUM IS ASSIGMEn M COLUMN«: ANO UP TO 6 ITEMS MAY Bt INPUTTED 
C TN A SINGLES ROW. 
C ARGU»(FNTS•••^t••••••,,••••••••,* 
C D TAIM  (nlMFN^ION (N\(.31 WMEHt NV IS THE TOTAL » OF DATA 
C   TO OF INDIITTEO) 
C OATAIM MOLDS THE FOI.LOWTMG INfOHMATION ABOUT EACH DATUM- 
C wAME.VAi UE.CnOE WHEPE- .,..„„„ 
C NAME -> NAME ^Y WHICH TMF OATUM IS InENTIFlEO TO THE USER <lT MAY OR 
C MAY NOT BE f-HIAL TO THE FORTRAN VARIABLE NAME TO BE ASSIGNED TO THE 

C «ALUE*»-. NUMFPICAL OP CMAPACTER S1RIMG VAI U£ TO BE ASSIGNtU (THE DATUM) 
c cooe => HOW THE OATIIM is TO B£ IMIERPRETEO 
C       -1   =>  CHAo«CTER  SfsiTNG 
C       0  =»   »N'-EGFR 
C   1 => FLOATING POIMT N'luflFR 
C MV TOTAi MUMHEP OF OATUM TO Bt INPUTTED 
C TIN FlLt- "lO, FOR INPUTTIMG 
C TOUT1 P3IMARV OUTPUT FlLF 
C TOUT? SFCONOAPY OUTPUT FILE 
C ISIZE =•»  SI'F OF FIi?sT OIMFNS10N OF OATAIN 

008020 
008030 
Ö08Ö40 
OOeöso 
Ö08Ö60 
ÜÖBÖ70 
Ö08Ö80 
008090 
008100 
ÖU81I0 
008120 
ÖÜ8130 
008140 
ÖÜ8150 
008160 
ÖÖ8170 
008180 
008190 
ÖÖ8200 
008210 
Ö08220 
008230 
008240 
ÖU8250 
008260 
OÖ8270 
008280 
ÖÜR290 
008300 
ÖÖ8310 
008320 
Öi)8330 
ÖÖ8340 
Ö083S0 

ii 

160 
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45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

116 

OIMFNSIOW DATAIN(TST7ET( >1A(6) 
COMuON/SfNSE/IIMNMtinllTNN'INnlCC 
IMTCGEP DATAIN.F 
PXTcRNAL SSWTCH 
CALL ERRt;FT(KOUMT.2^000) 
KOIJMTl=t<nUNT 
IF(TNOIC,N(i.O)   ?0n.?10 

?00   tSW=2 
LL'- 
L=IM0IC-I 
ROTn   IC^s 

'10  CWTINÜE 

-    '   \^=\ 
inoi »oooooooooooO'ioonoos3B 

,   ITNMN=ilN 
IOUTNN=Inl)Tl 
IOUTT=IOMT1 

t^Nrl 
IflL«NK = ir,H 
CALl    SSWTCH(IINI,TSwi.lOH«tAn  DATA   ,SHF ILE-».RETUWNS (lUbn I 
If   rISW3   .EO.   I)   l3nn.l71ü 

nOO   WOITE   (IIUT1.17>   TlMj 
RFKTND   ITNl 

RFAn(IlMl)   DATAIN 
■  REMIND   TTNl 

IE   (EOPdTMlll   I'inn.lPflO 
I'.OO   WRITE(IOIITW2'»)   ITN) 
1>90   CONTINUE 

CALL   SSWTCH(O.ISW/..l')HDEFAULTb  L.'JHISTED» «RETURNS! 106U) 
\r   (ISW4   .NE.   1)   r,OTn   1150 
^PlTEdOHTl.ll 

H<>0   DO   ild   1 = 1 tNV 
U'TSIZE.I 
nui    • 
IIJ^II^T^IZE 
IF   (OATATNIIIZ))   lO'O.lOSU'ln^O 

lf»ao   'VRlTE(IOi|TT.2>   nATATM(TI)»ÜAT»IN(IIl) 
f.nTo no 

1»)30  WRITE   (tnilTT.3)   0«TATN(III «DAIAlMdll) 
GOTn   110 

lrt*0   WRiTEdOMTT»*)   OATAIMdl)'UATAIN(IIl) 
110     CONTINUE 

f.OTn   (11^0.11301   TS^J ,.       ,, 
US!)   CALL   SSWTCHf(5i»ISWc;ii1'>HN»Mt-VALUE.5H  MnDE) »RETURNS (106U) 

IF (isw? ,Ea* is iZTOvibsu 
1050 L=l 

isK=e 
LL«', 

lnS5 L=L»LL        ' 
IF (L .fiT. NV) ROTO 1060 

nlO WRITE (10l)tl.l8) nATAINdSIZE'L» 
LL=» 
00 100 J=l»6 
IA( IUIOM 

190     CONTINUE 
REAndlN.lO)    d«(t). 1=1.6» 
IF  (EOFdlN)»   n?n.io7a 

1320   lNDtCC=I 
GOTO   1060 

1070   IF   (lAtlt   .EO.   TBlAMK)   ROTO  1Ü55 
DO 180 J=1.6 
DO »80 K-1.10 
IF (MXGETKdA(J).K.U .EQ? IDUL) GOTO 127" 

IHO  CONTINUE 
DO »91 J=1.6 

. ;iR=L»J-i 
F=DATAlM<JR*?»I<:lI7E) 
IF.   (F>   InRO.UOO.UJn 

1090   IF   (1A(J1   .NE.   TRLAMK)   OECOOEdO.ll.IA(J))   UATAIN<JH) 
ROTo 1080 

1V00 CALL "JUSTdAlJ)) 
"  IF (IA(jV .NE. THLANK) OECODE dO. 12. Iä (J)) DATAIN(JR) 

r.OTn 1080 
1110 CALl RJUSTdA(Jd 

IF |IA(JI .NE. TBLAMK) DECODE dO. 13.1 A (J)) ÜATAINUR» 
1080 IF (lAU) .EO. THLAMK) ROTO l08i 
190  CONTINUE 

■I09l LL» 1-1 
. IFdNOIC.NE.O) LL = 1000 
IF (KOIINT .EO. KOnNTl) riOIO 1055 

008360 
Ö08370 
003380 
ÜU8390 ■ 
058400 
008410 
äua420 
008430 
ÖU8440 
ÖÜ8450 
008460 
ÖÖ3470 
ÖÖ8480 
,008490 
008500 
üüasio 
ÖÜ8520 
Üi)853ö 
008540 
ÖJ8550 
ÖÖ8560. 
ÖÖ8570 
ööasBo 
008590 
008600 
ÖÖ8610 
ÖJ8620 
U;i8630 
ÖU8640 
008650 
Ö08660 
ÖoB670 
Ö08680 
Ö0B69O 
ÖOB700 
ÖÜ8710 
008720 
008730 
ÖÖ8740 
008750 
ÖÖ8760 
ÖÜ8770 
608780 
ÖÜ8790 
ÖÖ8800 
ÖÖ8R10 
Oo88?0 
008830 
008840 
Ö088SO 
0OO86O 
058870 

■008880 
ÖÖ8B90 
OÜ8900 
608910, 
Ö0892O 
»33930 
008940 
Ö08950 
6Ö8960 
008970 
008980 
6Ö8990 
ÖÖ4000 
609010 
00 9020 
ÖO4630 
6u9Ö40 
0u9Ö5O 
00*655 
009660 
3O9070 
ÖÖ9075 
609080 
Ö09Ö90 
609100 
609110 
6Ö9120 
6Ö9130 

161 

| __\.      ..........   :-. »- :> ■*   .-'  - .v. ■-. .•;■■ ^i~^,.i.'teJ*L& i.WÄ«i'Ät.j'.. uvi-.w VJVJ 4 ■ i:.*rl*-;*wi£^.£^;^&^^x:^^j:^..-^.^^.„„.^'^..._ .„;„■^^^^^■^■^•!;i^^.^-«s^^^ 



IVW1,1.^".PH""---.^ "'* i "w■ ■, i ""i^,^ . uiipiij 'i p ii   .•ji^i.iiiii<t.i<J<j>^yiiw.'.»^ll ■w^w^pwrn*!" ' 'Ii.'l.I " ^-T^-^T^^Kjvr •»A-~^ra»;,? ";,?   . |gjJ||I5ff|j 

115 

120 

125 

130 

135 

m 

1*5 

ISO 

155 

169 

165 

IT« 

IT5 

■,;    KOUMTl'KflllNT  - 
*(9lTE(IonT1.25) 

1?70  «SlTEdOMTlrZSV 
1250  WRlTEdnuTJ.R» 

00  '50   l-l»6 
:.-     I»(T)=10M      ,, ... 

mO     CONTINUE 
"     qE»nlUN.10)    (IA(I)«I-l*o' 

IF   (EOF (TIN))   niOvllBB 
n30   tWTCCsl 

ROTri   1060 
loss n»T*(i) , 

IF   (II   ,rO.   IBL«NK)   ROTO  »060 
00   »30   1=1.NV 

IF   (II   .EO.   DAT»lM(,n)   ROTO  1160 

HO     CONTINUE 
'     WoltE(IOnT1.16> 

GflTn   1271 
1160  F»OftTAlM(J»ISIZE)       :' 

JI«i-iSlZE 
IF   (F)   1170.1180.ll'O 

1170  00   ;60(tf'|0.   lBlANK     .AN0.   ,.GT.2)   ROTO   1240 

OECnOEdO.11.I*(Il)   OATAINIJJM-Z) 

160     CONTINUE 
"     (iOTO   12«0 

1180  CALL  RJUST(IA(2)) 
OECOOE(10.12.IA(21>   nATAIN(JJ) 

■ '     GOTO   1240        . 
1190  CALL   oJU<!T(IA(2)) 

OECnOE«l0.5,3.IA(?>»   "»TAINUJ) . 
12*0   IF   (KOUNT   .EO.   KOllNTD   ROTO   (1250.1310)   !!>« 

KOUNlTl"KnUNT 
WRlTeM0UT1.25) 

■GOTO   125« 
1060 woite (inUTi.i*) 

IF   (IOUT?;.EO.   0)   GOTO  11-»? 
WRITE   (I0UT2.15) 
I0UTT»IOllT2 
ISN«2 
GOTO   11*0 

1130   INOTC»lNOICC 
RFTl iRN 

1 FORMAT«/.»  THE  DEFAULT  INPUT  UATA. ARE.) 

2 FORM*T^1X.A10^•=I••.A10.«••' 
3 FORMAT(1**A10»»=».I10) 
* FORMATUX.AIO.'^.OIA^) 

6 FW^^/^'ENTER  OATA.   START   IN  COL.  RENEATH  START  OF  NAMt.) 

7 FORMAT (8i(.6A10) 
8 FORMAT(BX) 
16 FORMAT<6A10) 
U FORMAT(AIO) 
12 FORMATIHO» 

13 FORMATCEIO.O) „.rt.. 
1«       FORMAT (/••  DATA   IMPIIT COMPLETt«) 

15 FORMAT</.»"TME   INPUT  DATA  VALUtS  ARE»./) 

16 FORMAT«IX.» TRY AGAIN») 
17 FORuATi/.lXt» RFAOlNG DATA FROM ».15) 
If, FORMATOX.AIO»»-»)    ' 
23  FORMAT «8X.»NAME     VALUE.....») 
2*  FORMAKIX.» FILE»,15.» IS EMPTY»)   ^ 
25  FORMATUX.» WRONG DATA TYPE-THY AGAIN.) 

END ■ ■,■: 

0091*0 
039159 
009160 
009170 
009180 
009190 
009200 
ÖC9210 
ÖÜ9220 
ÖÜ9230 
0092*0 
ÖÜ4250 
009260 
ÖÖ9270 
009280 
ÖÜ9290 
OÖ9300 
Ö09310 
ÖÜ9J20 
ÖÖ9330 
0093*0 
009350 
089360 
Ö09370 
009380 
009390 
069*00 
009*05 
009*10 
009*20 
ÖÜ9*25 
009*30 
0094*0 
009*50 
ÖÖ9*60 
009*70 
ÖÖ9*80 
009*90 
009500 
ÖÖ95I0 
ÖÖ9520 
Ü09530 
ÖÜ95*0 
ÖÜ95S0 
039560 
ÖÖ9570 
009580 
ÖÖ9S90 
ÖÖ9600 
ÖÖ9610 
609620 
509630 
009640 
009650 
009660 
ÖÖ9670 
099660 

009690 
ÖÜ9700 
ÖÜ9710 
ÖÜ9720 
9Ö9730 
0097*0 
0Ö9750 
009760 

162 
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SS 

A.8    Subroutine SSWTCH 

COM>'ON/<;FMSE/IIW.TOIIT).INUIC 

IF   (1  .Fn.  0)   G'-'Tn inn 
«WlTEdOHTl.l)    "l.MP.I 
fiOTa   110 

InO     VPlTEdnnTl.?)   Ml.M? 
11Ö     ^FAn(TlM.T)   JJ 

.1=? 
TF(   |J    .FO,     1HY)      1=1 
TMOtC=Enr(tIN) 
IF flMDiri 1000.1110 

InOO RETURN M 
lolO OFTMRkJ 
1 FOR'.ATdK.AlOtA^.Ta.»'?-•) 
2 FOR .ATdV.AlO.AS.»'!1-») 
3 F0R-.AT(A1> 

E*IO 

009770 
Ö0978O 
Öi)9790 
ÖU9S00 
01-9810 
ÖÜ9820 
009830 
ÖU984Ü 
Öu9850 
Öl9860 
Ö09870 
Ö119880 
009890 
Ö89900 
ÖJ9910 
ÖJ9920 
ÖU9930 

A.9    Subroutine RJUST 

10 

IS 

SllloODTTMF   RJUST (I ) 
OT^NSION  LC(9) 
TAT«   (L.C=775S55W5SV:;SS5i>b5SH.m755':;S555b555555b5b, 

♦ 777T775S^SSS555^,5s5t;^.777/777(55';S555S555SH, 
♦ 7777777777c;SB55S5t;,5';q.777/777>777755'5^5b5bt), 
♦777T77777777775SSqSFR.777^777^7777777755550. 
♦ 777t777777777777775,:i8) 

UR=I 
IPITS=Ü 

00   '00"T=1.9 
IRITS=IHTTS»6 

LB=-.A<:K(TRITS).OR.LF> 
IF   (LR.FO.LC(I))   r,0Tn   110 

100   CONTIMUF 

r,nTri   120 
HO  L=SMIFT(I .18ITS1 
120  RETURN 

END 

0Ü9940 
Ö09950 
ÖU9960 
Ö'J9970 
ÖÖ9980 
Ö09990 
ÖiöOOO 
Ö10010 
010020 
Ö1ÖÖ30 
010040 
Ö1ÖÖ60 
Ö1Ö060 
010070 
Ö10Ö80 
010090 
öiöioo 
Ö1ÖI10 

163 
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B.1    Main Program TIKIRK 

10 

15 

?0 

?5 

30 

35 

40 

<tS 

50 

55 

60 

PsHV.RAM TTKlRK(TAoEi=fl0/8U.TAHE5=80/80tTAPt3.TAPE7»TAPE8. 
♦ TSPP6=80/flü.nUTiJUT = BH) 

THIS O^OGWAM CAN BEST Sr DFSCHIBEU AS THE I/O INTERFACE FÜH FUNCTION 
qURROUTTNE IKIRK WHICH roMDIJTtS THE KlRKHnEF INTENSITY FUNCTION AS 
OE5CRTBC-0 IM AFCRL-72-05ft5. 

THC TNPüT FALLS INTO THREE CLAbSES* 
1) IN°llT HAVING TO On JITH PROPERTIES OF THE HINDOW MATERIA| AND 

THE LAS^R BfAM*NAMELY« (nUANTUIES Cr,S UNLESS OTHERWISE INOlCATED) 
VaLHE OF STGMA IN GAUSSIAN BEAM 
WAVELENGTH Or THE L1GH1 8FA»4 Iig MICRONS 
TOTAL BEAM POWER 
WINDOW RADIUS 
BULK AaSDRoTinM roEFFlClEMT 
THERMAL cnNOilCTT''nY 
TNinEX OF RFFRACTTON 
S SUB-l.SUß-RHn 
S SUB-l.SDo-TMFTA 
S 5Ue-2.Si)D-OHn 
S   S(IB-2ISUP-THETA 
TTMF   AT   WHTCM   IKIRK   IS  TO  BE  EVALUATED 

2) IMPMT   HAVING  TO  no  WITH  THE  FVALIJATIOM  UOMAIN  OF   THE  FUNCTION 
TKIRK.NaMELY« 

1(0        =>   GAUSSIAN   FOCAL   DISTANCE   (METEpS) 

crR   -> 
|_AMBIJA i> 

7 
«ETA 

MX 
SIR 
SIT 
SZR 

C S2T 
C T 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

715 

XI    => MINIMUM «-VALUE fOR t-UNcTION EVALUATION (METtRS) 
X?    => MAXIMUM y-VALHF FOR »-UNCTION EVALUATION (METEMSv 
RHOol  => MINIMUM RAOKK VALUE FOR FUNCTION EVALUATION 
PHOo?  => MAXIMUM RAOTUS VALut FOR FUNCTION EVALUATION 
MO    => NUMBER Or rwALUAUON POINTS TN THE RADIAL ÜIHECTiON 
Mo    => NUMBER Or FVALHATION POINTS IN THE AXIAL (X) UIptCTION 
TIM   => ARRAY (UP TO In) OE TIME VALUES FÖK FUNCTION EVALUATION 

(TIME VALUES SHOUIO RE IN INCREASING SEQUENCE) 
IIMIM  => MINIMUM u-VALUE """UR t-UNCTION EVALUATION (SEE MOnt) 
ilMAv  => MAXIMUM il-VALUE EÜR hUNCTION EVALUATION 
VWIM  => MINIMUM \/-VALUF fOp fUNcTION EVALUATION 
VMA«  => MAXIMUM v-VALUF FOR JUNCTION EVALUATION 

3) IN=UT HAVING TO nO MITH PROGRAM CONTROL.NAMELY« 
FDS'  => ERROR VAl UF FOR INTFRPOLATIOM OF THE TEMPERATURE 

FUNCTIO-I ODTPUTTED RY TEMPS AND INTERPOLATED BY IBM sei» SUB. ALL 
MINT  =^ NUMBER OF TirMPERATURt FUNCTION POINTS TO BE USEn IN 

THE INTFRPOLATIOM (nEFAiiLT=6) 
IORMT => USED Tri rOMTROL DEBUG OUTPUT (1 CAUSES DEBUG OUTPUT) 

(? CAUSES WINDOW TEMPERATURE DISTRIBUTION SUITABLE FOR 
DISPLAY TO PF OUTPUT) 

Nf-AiiS => NUMBER OF FUNCTION VALUES FOR GAUSSIAN INTEGRATION 
M( IF  => IF MOOF-! THEN THE INTENSITY FUNCTION IS EVALWATtD AT 

FOMI-SPAGEO X AND RHOP-PPIMF VALIIrS; IF MnD£«2 IT IS EVALUATED AT 
FQIII-SPACED M AND V VALIIFS. 

I?     => IF 1 1ISF TKIRK. IF d  USE IKlRKP 
(NOTE THAT TKIRKP SHOULD ONLY BE USED ON THE AXEc; 
FOR CONSTANT TEMHtRAlURE WINDOW) 

ALL THE A80VF MENTDNFO DATA IS OBTAINED RY TWO CALLS TO THE 
INTERACTIVE INPUT SURnOUTINF GtTDATA DESCRIBED IN PML TM-Ife. IN THE 
FIPST CALL ALL DATA IM THE FIRST CATEGORY IS OBTAINED. IN THE 
SECOND rALL ALL DATA TN  THE SECOND AND THIRD CATEGORIES ARE 
OBTAIwEn.  AM EXCEPTTnN TO THIS IS I? (CONTROLS USE OF 
IKIRK AMD IKTRKP) WHTf-H IS OBTAINED ON THE FIRST CALL TO GETnATA. 
FOR A i ISTIMG OF DEFAUIT INPUT DATA IT Is RECOMMENDED THAT 

TIKIRK "E RUM INTERACTIVELY UNDER INTERCOM AFTER GIVING THE rOMMAND 
CONNECTITAPF4.TAPES). 
THE MAIM OUTPUT OF TIKIR"- IS A SEUUEMCE OF UNFORMATTED RECORDS 
OF INTEMSITY VALUES WTTH cORRtSl'nNOlNG DOMAIN VALUES. EACH RECORD 
CONSISTS OF THE FOLI OWING SEQUtNCt OF VALUES» 
RECORD MO.» MüMBFR(MPi OF INTENSITY VALUES IN THE AXIAL DIRECTION. 
AXIAL COORDINATE X OR U. TIME'VA|UE (T) IN SECONDS. NUMBER (NP) 
O' INTFMSITY VALUES IN THE RADIAL DIRECTION. MINIMUM RADIAL 
rOORQINiTE RHOP1 OR VMlM, MAXIMUM RADIAL COORDINATE RHOP2 81; 
VMAX. Mo INTFNSITY VA| UFS. 
FOR FACM VALUE OF T. NP RECORDS ARE OUTPUTTED CORRESPONDINO TO THE 
NP X EVALUATION POINTS. THE RtCQRD NUMBER RUNS FROM 1 TO NR FOR 
FACH TI-E VALUE. 
THFRF APE Six FILES ASSOCIATED WITH THIS PROGRAM (NOT INCLUDING FJLE 
«OUTPUT*). THE FILES ARF REFERRED TO IN THE PROGRAM AND ASSOCIATED 
SUBROUTINES AS IT3.TT4.TTS.IT6.IT/.LTA. THE FILE VALUES ARE IN TURN 
ASSIGNED TO THF USUAL FORTRAN PTAPEN« BY A DATA STATEMENT AND PROGRAM 

ooo lor. 
ÖUÖ110 
OObizoi 
000130 
000140 
ÖÖ0160 
056160 
ÖÜÖ170 
000180 
ÖÜ0190 
öuözoo 
ÖÜ0216: 
000220; 
000230 
000240 
ÖÜÖ2S0; 
000260- 
Ö0Ö270I 
0002801 
ÖÖÖ290i 

000300 
ÖÜ0310 
600320 
0Ö0330 
Ö50340 
OÖ0350 
ÖÖÖ360 
OÖ0370 
600380 
856390 
6Ü6400 
000410 
6Ö6420 
600430 
ÖÖ0440 
656450 
606460 
ÖÖ6470 
000480 
Ö56490 
ÖÜ0500 
6Ö0510 
ÖÖ6520 
006530 
656540 
6Ö0550 
000560 
ÖÖ6570 
066580 
056590 
656600 
650610 
656620 
00063O 
656640 
ÖÖ6650 
60066O 

OU0670 
650680 
650690 
050700 
05671O 
656720 
000730 
OÖ0740 
006750 
056766 
ÖÖ677Ö 
650780 
006790 
000800 
656810 
656820 
ÖÖ6830 
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80 

HS 

95 

IOC 

105 

1K 

US 

1?C 

1?S 

110 

135 

l*'. 

»SSOCI^TION   TT   IS  NECFSSaRV  TO  CHANGE 
'JSOGPAM   STATFMEMTS. 
THFsr FTLFS SFRVE THE FOLLOWING PURPOSES« 

EITHER OR BOTH THE UAT* AND 

ITT 
TT4 
TT5 
ITft 
TT7 
TTH 

FI| r   OUTPUTTFD OY PROGRAM TFMP5 
tälMTFPACTIVF™ IMPUT ULF (SEE GETOATA) 
.«iMTFRACTIVF'i' OUTPUT Ul.t (SEE GFTDATA) 
i KJTTMR OF AiL IMPtlT«PAPAMETEH5 AND DEBUG OUTPUT 
^roRMATTEn TNTFMqm VALUES. ALSO MAY BE USED TO INSERT 
UNFORMATTEII TEMPERATURE UISTRIBUTlON VALUES 
SUITABLE FOR DISPL»Y PUPHflSES 

PDEASSTatgED DATA IM CATtGOPlES 2 ANH 3 
IM AOO^ION TO THE «HoVr FACTS, THE USER SHOULÜ ^AWARE ÜK T«0 
DROGOAM »CONSTANTS-. THF FIPSl UMUER THE ^^A"LE NAME NT IS IME NUM- 
BER OF TIME ./ALUFS PERMITTED. AT PRESENT THIS IS SET TO 1Ü. (THE 

c nlMFMcnN OF THE TIME APPAV TIM), ALSO NOTE THAT ALL THE UMF   
C nEFAUl T VALlirS ARE 7FPQ FXCFPl THE FIRST ANO THAT THE PROGRAM STOPS 
C ^ SnoK, AS A SUCCEEOIMG TTME VALUE IS LESS THAN THE PRECELOIMG 

^FCoNoVoNSTANT« HAS TO UO ulTH THE cUE OF THE HECOHU ouTPUTTED 

Hy-TFMPc. THF SÜBROUTINF RTAPt3 READS THE T"^ »V^L^ü „IMA. * 
•^SUMPTION THAT ALL «oAmAL® ARRAYS ARE OF DIMENSION 82 ANU rnAMAL»- 
«RPAVS ARF OF DIMENSION ??.^EE COMMENTS WITHIN SUBROUTINE «TAPEJ. 
?HF ^,TrNSU?y FSNCVÖNTKIRK IS DEFINED ExPLICULV AS A FUNCTION OF 
THF 'jONr-MENSTONAL WAPI6FMES U ANU V AND iMPLICITLr AS A FUNCTION 
OF^O^-MMENsloNAL mE TAU THROUGH THE nMEDEPENOANT FUNCTIONS 
oHI-TMFTA ANO PHI-RHO As DEFINED IN THE ABOVE HEFERE*CE. JMEst 
UAPIARCCS ARF PASSED THROUGH AN ARGUMENT l.IST. ALL WARAMtTEpS* 
OEOUI^O FOR EVALUATION or IKIHK ARE PASSFÜ THROUGH BLOCK COvMUN 
PHIRL*. THFSE PARAMETEPS ARE* 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CSTP => '■•SIR (SFF TKIRK COMMtNTS) 
CS'P => r»S2P       " 
CSlo => '-•SIT        " 
CS'T => r»S2T " 
«S => STARTINr- AROI.IMEMT I-0R FUMCTIOHS Fl»F2 (SEE FUNCTlUN 

PHI COMMEMTS) 
OK => THTERVAL RETWEEN EUUI-SPACED ARGUMENTS OF F1.F2. 
WF => HUMBER OF VSI IIFS Of F1.F<! 
MNMT r> MlliJT (S'F IMPUT DAIA) 
FOP => CPS1 H 

Fl(?,:i-)=> HOLDS VALUES OF Fi FoOM TEMP5 
F2(3')'.)=> HOLDS VALUES OF F2 FROM TEMPS 
HOL^   => STORES,DHI-THETA (PHI-RHo ANO PHI-THETA ARE EVALUATED 

SIMMLTSMFOUSLY) 
A      => 1/SQRT(?1/SI0 (=ALPHA IN THE ABOVE REFERENCE) 

WAVE NIHBFR ' 
STORES TIME VALUE HEAD FPOM TFMPS RECORD 

KE 
TLAST 
TN-VT 
IEPP CPBOP I'IDTCATOR FÜR PIAPF3 (IMÜICAIES OUT OF RANct 

TIME OR OUT OF SEUUEMCE TIME) 
= > oFKUG OUTPUT niSWITCHSii 
=> -MF i 
=> SWITCH FOP .RUSSIAN INTEGRATION. WHEN ISWS1 THEN THE 

K-VALU^S FOR r,Aii5STAN INTEGRATION ARE FOUND. 
NGAUSS i>nUMaER OF POINTS DSEO IN THE 'GAUSSIAN iNTEGRAIIOw 

fNOTF THAT I'i MGMISS IS CHANGED THEN TMt GAUSSIAN INlFtiHATION 
cURROUTINE MUST Al SO Rt CHANGED.) 

=> MUMBFR OF T^MPFPAIURF SAMPLES IN A*IAL DIRECTION 
(USEO FOR OUTOUTT1NG DISPLAY rOMPAIIBLE 
TFMPERATUPE OATA) 

=> CONSTANT TO OIMFNS10MALI7E TEMPERATURE DATA 

FOR OISPLAY 
=> rOMSTANt uSFO TO UIMFNSIONALITE TIML FOP 
K.KIBK.LAMRoA.'-lX.KE 
IKIOKP 

LOGrCAL S 
OIMFNSIO'i BUFflOni 
COM'0M/I^TLES/in.lT4,lT5,lT6,ITT,IT8 
COMMON/PMlflLK/Cslu.CS?R.CSlT.i;s2TtXS.nXtNF»MNNT.EPP»Fl(2nÜ) • 

♦ F?(-,00) ♦H0LD.A.KF.TLBST.TNEXT«IERR.lP.MPltISW>N6AUSS, 
♦OAO.NÖl.rl.Cl 
IMT^GER OATAINdnn,-«) .DATAlNI (100«3) 
COMUON/BLOCK^/X '.Kl.»?.PHOPl,KHÖP2.MP,NP,TlM(10).EPS1 

TEMPERATUPE niSPLAY 

IP 
MP1 
TSW 

RAD 
MOl 

C3 

Cl 
9^A| 
RFAl 

000850 
ÖU0860 
ÖU0870 
ÖÖÖ880i 
ÖÖd890i 
000900 
006910 
000920: 
ÖÜ0930; 
0009^0j 
5«Ö950i 
030960. 
ÖU0970 
ÖÜ09H0 
ÖÖÖ990 
ÖÖIOOO 
ÖUIÖIO 
ÖJIÖ20 
flulÖ30 
OÖIÖ'.O. 
Öi»lÖ50 
ÖU1Ö60 
ÖU1670 
ÖÜJÖSO 
öii iö90; 
öiinoot 
öGiuo 
ÖÖ1120 
ÖU1130 
öömo 
öouso 
001160 
ÖO1170 
ÖUU80 
ÖÜ1190 
ÖÖ1200 
ÖÜ1210 
001220 
001230 

001240 
ÖÖI250 
001260 
001270 
001280 
0Ö1290 
ÖÖ1300 
001310 
ÖU1320 
ÖÖ1330 
001340 , 
Ö01350 
Ö01360 
ÖÖ1370 
Ö01380 
ÖÜ1390 : 
ÜJ1400 
ÖÖ1401 
001402 
ÖülA03: 

ÖJ14U4 
ÖÜ1405 
Ö01406 
001407' 
ÖJ1410 
001420 ! 
001430 i 
001440 
901460 
ÖÖ1460 ! 

ÖÜ1470 
ÖU1480 
001490 
ÖU1500 
001508 1 

„...,,,;,.,.„ 
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1SÜ 

155 

160 

165 

170 

175 

ISO 

185 

190 

195 

200 

?05 

210 

215 

220 

225 

♦.MI'.iT.IOiJMTtNGAllS.MonF.IIMlN.IIMAX.VMlN.VMAXtüUMIZO) .MSMP.NSKIP 
COM'lON/B| OCKl/ 

♦ |1 •IH.I3.14»T^»I6»17.M1N«MI*N1 .ICNT.IUtlO.NOtNMAtTKON. 
♦ TCA^O.IooTMT.IPMCm'T/sPI^TAD^.RHOl.RHOlZ.iEUl.ZEÜ^.LJTAiiU. 
♦ TaU-'X.T4iiOFF.Sir,     .OP.U1. tPS.Gl (ft) »HI (,*) »MATEHfNX.tltTÄ. 
♦ K.L^«0«.S1P.S1T.'52=.S?T» 
♦DFN.CO.P.FXPEWt^w.Ri .71.Pü«IPLOT.PROBMO»TICU.XLEN»yLEN.brMLEX. 
♦SC«| EYl.qCALEYZ.XTlTI.FI-^^TIILEl ('S) .vUTLtu (5) .NAME 

FmiTVALFMCE    (Il.OATATM) . (XO.DATATNU 
rinTA   (DATAIN(I> 1) .1-1.9?)/7»?i8Ü,20»3»l>0»1.2«ll vlOÜ.'ffb.b.a. 

♦ <..).. 1..-.^546.1.10')?..DOJ^.5   .5.,.12l52»2»U.,.001.'t*0.»U..J».01b. 
♦3HKrL.l.'-.7.'..8E-4..nAl:;^.lU.6.-.3aE-5..05E-S,.ie-5.-.lt-S.1.9H. 
♦.'.''i, 1.2^.IHl.'4,7.ar»llU»1.4H7204,.S«2Ü..9..30.V»l»'li 
♦ 10HTlM£(sFCOKii3MDq) .1»1H   tlUHIEMP-DEGf;   »1ÖH  ABOVE'AMB» 
♦3»Iu   .10HMFAN  TEMn   ,\fH  Aöüvc   AMq.3»lH   t7MbARRETT» 
♦ lIHr.ADIÄl     nIS.lnHTAMCE.OHO-..'.H(CM) ,1H   .1H   »lÜHAXIAL   DlST. 
♦nH!lNCE,7-(CM.lw).lH    .1H   / 

D4T1   (DATAIN (1.^).I = 1.P?)/2HI1.2HI2.2MI3,2HI4.2HI5. 
♦ ?HlA.2HT7.;lHMtlHN,2HMT.?HNlt4HlCwT,2H|Ü.2Mla,.2HW0»3HNMX, 
♦ 4MloUN.c;MlCARD.6HTPotMT.5HIPMCH»i:;HITAD3«5MnAP4,4HRH0l» 
♦SHPH012.4HZE01.^H7Eni?.nHLITAi)U,5riTAUMy t6HTAüOFF«3HSIr>« 
»PHQ-.PHui.lHEPS.SHGI (1) .SHül(2) .SHGi ("O .5MÜ1(4) .SHHl(l)» 

♦ i5tiH, (?) ,^HH1 (3) .SHH) (4) .aHMATtRlAL.8HoEF.IND.t4HBETA. 
♦gHTHEB.CnNn.6HLaMn0A.1HSlH'3HilT.3HS2D»3HS21. 
♦ 7HÖFN<;lTY.PHSPtC.MEAT>6HRaDIUS»bHEXPE,Hi 
♦ 34Pi.iR ,3HR1<,1H71#,-)HR2».-HP| T?l Y .2N.6HPH0aN0.4HTiCU, 
♦ 4HX| EN.4HYLEN.7MX-SrALE.8HYl-bCALE.8HY2-SCALt,6HXTITLt. 
»lH2.1H3.1H4.1H5.7HYTITLFl.lH?.lH3,lH4,lHb,7HYTlTLE2.1H2, 

♦lH3.1H4,IHStRH0aFDATnR. 
♦ 3HXTl.3H<T?.3HXT3.3HXT4,3HXTS«3HYT1.3HYT2«3MYT3.3HYT4. 

♦3HYT5/ 
DATA (DATAIM(I.-|).I = (.P?)/22»U.lJ»lt-l.U«l.-1.1.4oO. 

OAT A (DATA INI (I.1W = ) «48 )/l^U0.. 1000. •2aOU..0..2.«,10!J »In 
♦ ':>»-i.«.0il.6.1.'4.?.-40..4U..Ü..10.. 
♦ IflHKlRKHnFF   I , IOHMTFWSITY   f tWUNrTION, !.• 1H   ,1H   .lüHIIMt   T 
»SHCoNOSt'H   ,1H   ,1H   .lOHNON-DTMENm.lOHlONAL  RADI.luHAL  UK 
♦ 3HE«V.1H   .lOHNOM-nlNrigS.lOHInNAL  AXIA.luHL   DISTANCE.2H,U. 

DAT«   (DATAiNl<l-2l, •T=H48r/2HXti,?HXl,.?HX2tüHf(H0P:1.5HRH0P' 
.7MNo,?HTT.?HT2.?HT3.'HT4.<iMTc;.2HT6,2HT7'2HTa.2HT9.3HTlU. 
♦ 4HE3SI.4wMINT.5HTaRMT.SHNGAU<;.4HM0DE.4HUMlN,4MUMAX. 
♦ 4HVvIN.4HVMAX.3HSTl.3HST2»JH9r3.3HST4.3HSTb.3HPT1.3HPl2. 
♦ 3MPT3.3HPT4,3HPT5,3MyT1.3HXT?.3HxT3.3HXT4,3HXT5.3HYTl. 
♦ 3HYT2.3HVT3.3HYT4,3MYTI:;.SHMSK1P.=;HMSKTP/ 

DATA   (DATAINl(I.3).T = 1.48)/5o   .2»0.11«1 .4*U.4»1,20»-l .2«r> 
DATi   IT3.1T4.ITt;.lTft.IT7.1T8/J.4.S,6,7.B/ 
IMDTC=O 

ISH = 1 
NT=lO 
CALl    RETDATA (DATATN.Q?.4.5.6. J. 100.301!» INUIC) 
CALI    GETnATA(OATATN^.48.4»b,6e7.1Ö0.3r0«INUlC) 
IF   (MODF   .NE.   1)   GOTO   HO 
0ATAlMl(37,l)=lnHoAnrAL   OiS 
nATAlMl(3A,l)=1.1HTA ICF.RWO- 
DAT^IMl (39.1) = lnH-)Rc«E   (CM) 
DAtAlMl(4ß,.T) = liiH 
nATAlNl(4?.l)=lf>HAXTAL   DlST 
DATJsINl(43.1) = MHiNrF.y (CM 

DATalNl(44.1)=1H) 

ÜÜ1510 
Ö01520 
Ö.J1530 
ÖÜ1S40 
ÜÜ15B0 
Öi>1560 
ÖII1570 
ÖiJ1580 
001540 
OÜ1600 
ÖJ1610 
001620 
001630 
001640 
UU1650 
ÖÜ1660 
ÜÜ1670 
ÖulftSO 
tivJl6c<0 
ÖulTOO 
Uul710 
ÖJ1720 

N SE. 
TANG. 
IM .5.5/ 
.2HMP. 

1^0  «PITE (TT7) DATAIw 
«BITE (TT7) DATAlMl 
IF (MODE .EO. 1) S=. 
PFWTND IT3 
RFAn(IT3l 
TLAST=TN^XT=0. 
KF=«,.283i8E4/LAMBr)A 
ERDrEPSl 
IP=TPPNT 
NGAiiSS=NGAUS 
XS=C. 
DX='./M 
MNNT=MINT 
t4D|.H«l 
NF=i..PI 
IF   (S)   GnTO   120 
XMAX«VMAX 
XMIM=VMTM 

GOTO   140 

T. 
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m  I 

fc ' 

230 

235 

240 

245 

250 

255 

260 

265 

2T0 

275 

280 

285 

290 

295 

J20 XMIM«RHOP1 
XwAx^HHOD? 

\i>0  CONTINUE 
A=.q/SIG 
C=Pw»(NX»»2»l)/?./Ni( 
C=C»R»BI?TA/3. l^lSa/K 
CSlo^C'SIR 

CSIT»C»S1T 
CS?T»C»S'T 
qSQ=R<tR , 
)(o=xO»ion. 
xi=i(i»ioo. 

C1=K/RSO/DEN/CP 
[)ELX = (X?-Xll/(AMAxO(ItNP-l>) 
OELDHO= »PH0P2-RH0nl)/(AMAXa(I.MP-1») 
DeLV=<VM«X-VMlN)/(AM4X0(l»fiP-i)> 
OELlls(UM'»X-UMIN»/(A'.1»X0(I»NP-l)) 
RAOTR  ■■.■..■■-■:■'■■"-'■ 
N01=N*1    ■ 
ci'n/R 
X0I=l./Xn 
NREcsO 
IT=I 
TR=T«TIM(1» 
IE   (T   .LT.   0.)   ROTO  ?000 
IE(tP.E0.2)     WRITF(TT9)   OATATN 

1000  T=T»Cl 
WRlTtaTS.2)   T 
IF   (T   .6T.   TAUMX)   GOTO  ?00O 
X1T=X1 
X1I=1./XIT 
ü=UMIN 
00   i00   I=ltNP 
CX=(X0»XII)»»2 
IF   (SI   il-KE»RSO»(x0t-XlI) 
RH0o=RH0ol 
VsVwlN 
00   ^10  JM.MP 
IF   (S»   V=KE»R*X1I»RH0P 
GOTO   (220«200)   12 

2?0     9UF(J)=CX»IKIRKO(H.VNT) 
GOTO  210 

200     B(IF(J)=CX»IKIRK(U.V.T) 
?i0  RHOo«RHOB*DELRHO 

V=V.OELV 
110     CONTINUE 

P=U 
IF(c;)   P=xlT 
WRITE   (IT7)   l,NPtP.TR«MP.XMIN«XMAX. (8IIF(J) »J = 1»MP> 
CAM    oRT(BUF.MOnE,I.TT.MPfNP.MSKIP,NSKlP.RHOPl. 

♦OELoHOfVMlN.DELW.XlT.ll.TRtT.tTe) 
NRECNREC»! 
Xlt=XlT»nELX 
xiiii./xif 
y=u»pELu 

100     CONTINUE 
IT«TT*1 
IF (IT ,RT. NT) GOTO 2000 
TRXT=TIM(IT) 
IF (T .GT. TlM(TT-ln GOTO 10U0 

2000 WRlTE(ITS.l) NRFC 
1 "  FORMATdX.» THE NUMBER OF HECÜROS IS-».I10) 
2 FOR'iATdX.» NEW VALUE OF TAU IS»,EIS.";) 
3 FORu*T<lX.I6,4E12.'i) 
4 F0R"AT(|X.4E13.S) 

5 F0Rw*T(lX.I6.4GI2.4.1(/.5*»5GI3.SM 

END 

ÖÜ2310 
002320 
ÖU2330 
0023^0. 
ÖUZSSO 
öuzseo 
ÖVJ2370 
öüasqo 
ÖU2390 
ÖC2400 
8U2410 
ÜÜ2420 
502430 
Üij?440 
ÖÜ2450 
ÖI)24(S0 
ÖU2470 
002480 
ÖÜ2490 , 
ÖÜ2500 
002510 
ÖU2520 
002530 
002540 
Ö;i2550 
ÖÖ2560 
Ö(.;2570 
Öi)25a0 
ÖIJ2590 
Su2600 
602610 
ÖU2620 
ÖÜ2630 
ÖÖ26<.0 
ÖIJ2650 
Ö02655 
602660 
002670 
002680 
ÖÜ2690 
ÖÖ2700 
002710 
602720 
ÖÜ2730 
ÖÖ2740 
002750 
ÖÜ2760 
ÖÜ2770 
ÖÜ2774 
6JZ776 
6Ö2780 
ÖÖ2790 
ÖÖ2800 
ÖU2810 
ÖJ2820 
ÖU2830 
602840 

002850 
0132860 
ÖÜ2870 
6(12880 
ÖÜ2890 
6Ü2900 
6Ö2910 
602920 
6Ö2930 
ÖÖ2940 
6Ö2950 
ÖÜ2960 
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B.2    Function IKIRK 

171 

10 

i? 

30 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

PF4|  FUM'-TIOM IKIcKdliV.T) 
C RWCTT'O11

 IKIRK ic; THF KIOKHon- IMlEMSlTV FUNCTION OESCRIRtU IN 
C -HFWIOW.B. »MD filANINo.D. anPTICaL PFRFORMANCE tVÄLUAlIÜNI ÜF 
C iHFHWfn   TPSMSMITTIMG WTMOOWS* AFCRL-7P-0565. ASSUMING A bAUS^lAN 
C ^HSPF-i nNPOLSPIAZEn SoU^rF. THt INTEMSITY FUNCIION CAN BE «KrIIEN* 
c   iKif)K(n,v)-?(Ai?/n-FX.T(-M2))) !a'*(iI(o,.i'DX) (FH»FX) na* 
C IT(n.l.nx)(Fi^FY)l!2 
C  it>Hg«E* 
C FW (v, 11) =FXP<-( A»* i !■.')»?>:« t-I»^»* !2/2) 
C FX (y.V)=<»jO(X»y)»EXP(I»K,,f'HIH(X) l-FZ(XtV> 
C FY(<.V)=v»,IO(X»VHtEXD(I»K»PHT l(Xn*FZ(XtV) 
C F7(».W)= il(X»V)»(^Xn(I»K»PHIP(XH-FXP(I»K»PHIT(X)))/(V) 

c        s=i/saRTf?)rsi6»»p 
C K = »inVE  MO.    (nMEiA/Cl 
C       NOTMtON* 
C !    =•,   EXPONENT I AT I nM 
C I   =■.   »IMARINARY 
C KO.l.Oxx.i   ME«««:   TNTERRATInN     OF   TriF  FUNCTION   WITHIN   U   w.R.T.X 
C riVFo   THt   TMTERVuL   (fl.l). 
C    10   ANO    ll   Apr   BESSEL   FUMCTInNS   OF   THF   FIRST   KIND.ZEROTM   ANU   FlrtST 

C  nSriER  RFSPECTTWEL'. 
C   PMIR(«)    AMD   PHIT(X)    AoE   THE   FUNCTIONS   PHI-SUPEHSCRIPT-^HO   AND   PHI- 
C  SUPERSCOIPT-THETA  RFSOECTIVFLT   IN  THF   ABOVE  REFERENCE. 
c THESE FUNCTIONS ARE GTVFM HY» 
C DHIR(X)=C»Slo»Fl (X) ♦itiC»S?R»FÜ(X) 
C OHIT (X)=C»S1T«F1 (X) »4»C»S?T»Fi;(X) 
C MHFRE» 
C C=R>3»POO«FTA/KT 

C RswrNOOW RADIUS (rMi 
C D(i = '.EAN INCIDENT aOUFR DENSITY (uATTS/CM!2) 
C qFT4=RU|K ABSORUTTON COEFflCItNT d/C«) 
C KT = THFHMM COND'ICTIVTTY (WATTb/(cM DEr,C) 
C S1R,S?R.SIT.S2T ARE 'MTFRIAL CONSTANTS DEFINED IN THE ABnVE REF. 
C F|.F2 ARF THE FUNCTIOMS OtL.TRÄR-DRIME(X) AND 
C (!/y|?»Ttn.X.OS) (nEI,THAR-PRIMt(5)) 
C r,TVcN   IN   THE   ABOVF   OFFFRENCE  AND  WHICH  ARE  PROVIDED  AI   SFLECTED 
C ARGUMENT«:   RY   PROGRAM   HiTFMPba. 

COMwON/PHTRLK/CSlo.rs2R.CSlT.CS2T.XS.nZ.NF.MINT.EPS.Fit2ny)' 
♦F?<700).HOLD.A.K   ,TLAST.TNtXT.IERR.IP.MPliISW»N. 

♦RÄD.NPl.r3.Cl 
CnMMON/TFILES/IT3.lT4.IT5»lT6'IT7.IT8 
COMRLEX   ril.EXPR.ExPT.FX,FY«F7<FW 
RFAl     JO. II 
RFAl     K" 
DTMFNSIOM   XAdOO) .YRdOO'VKlOOMZRdOOJ.^HlOO) 
A?=!i*A 
IF   (A?   .r,T.   ?20,)   10'0.10-*ü 

1020  CnNsT=2.»A2»A2 
GOTn   1040 

1130 cnNsT=2,»(A2/(i.-rXR(-A?) »)»»<; 
lO'tO un2=U/2Fn 

C IF ISW=' THFM THE ARR^Y OF POINTS FOR GAUSSIAN INTEGRATION 
C M ST RE FOMNn 

GOTn (lOSO.lObO) IS« 
nSO ISW=2 

CALI.   OOGPiAIOEO.lFO.XA) 

IF   (IR   .■TO,   1)   WRTTF(IT6.1)    {XA(I).I = 1.N) 
1160  C9LI    RT«PF3(T) 

IF   flEHR   .NE.   0)   r,OTO  2000 
DO   100   1 = 1.N 
X=Xs(I) 
X?=X»X 
XV=y»V 
Fw=^xp(-^?•x^)•cExP(CMOLXlOEo«-unZ»x^)) 
EXOR=CEXP(CMPLX(0F0,I<'»PHI <XM ) 
EXPT=CEXR(CMPLX(0F0.K*HOLU)) 
IF   rV   .Fn.   0.)   FZ-=(FXPP-EXPT)»X/?. 

IF   fV   .NF.   0.)   FZ=4FXRR-EXPT)«J1(XV)/V 
Ol = X».IO(XV) 
FXsoloEXPR-FZ 
FY = ol»EXPTi-FZ 
OI=rW»FX 
YR(T)=RF«L(01) 

0.12970 
Ü!;2990 
Ö.;3Ü0O 
Ü03910 
0113320 
Üu3030 
Ü.J3040 
6ü35.50 
01.3060 
(k3Ö70 
ÖJjuao 
8Q3J<»0 
Öd3l00 
a«3M0 
0J31?ü 

6u3l30 
Ö;;3140 
653156 
ÜÜ3160 
ÖÜ3170 
ÖU31B0 
ÖU3190 
ÖJ3200 
ÖJ3210 
OJ3220 
ÖU3230 
ÖÜ3240 
ÜJ32S0 
ÖÜ32A0 
Üü3270 
ÖiJ32aO 
Öü3290 

ÖU3300 
ÖÜ3310 
ÖiJ3320 
Ö03330 
Ö1.3340 
Öu3350 
Ö03360 
Ö'J3370 
003380 
003390 
5Ö3400 
Öu3410 
Ö33420 
ÜÜ3430 
01)3440 
Öii3450 
ÖÖ3460 
ÖÜ3470 
ÖO34R0 
003490 
ÖU3500 
ÖU35I0 
Ö03520 
Ö03530 
0Ü3540 

0U3550 
ÖÜ3560 
Öi)3570 
ÖÖ3580 
Ö03590 
ÖÜ3600 
ÖU3610 
Ö03620 
003630 
ÖU3640 
ÖU3650 
ÖU3660 
003670 
Öü36fl0 
ÖÜ3690 
ÖU3700 
6U37I0 

u 

:: 

SÄftJiä'teiÄ .■■■■^^al 



75 

HO 

M5 

1 

200Q 

7T(T)=AIMÄG(01) 
rnNTlMUF 
F0»,><AT,IS(lX,Gl2.5\ ) 
CALl DQ'V>4fl(0Efl.ir.0.vft. 
C4LI DOG'iRroEÖ.lcO.YT' 
CSLI OOr,74R(0Eö.lr0.7O. 
C«Ll O'5r,PiR(0Eü.1i:0.7I 

YRD 
YID 
7RU 
7IU 

rKiDK=coM<:;T»(YRi»YRi*yn*vii»^Ri»ZRi*7ii*/u) 

ÖÜ3720 
ÖÖ3730 
ÖÖ3740 
ÖÖ3750 
ÖÜ3760 
0Ö3770 
OÖ3780 
003790 
OU3800 
603810 
003820 
6U3830 
0038*0 

B.3   Function PHI 

fr>H  A 

10 

15 

20 

25 

30 

FIIN'-TIOM PHI (X) 
TF SWT= F. THEN PMlP(X)='".»51R*U<Xy»4»S2R«E2.<*> ^ FOUNU 
rr SW! = 'T. THEM PHIT(y)=n»5n«n(*)»r»S2T»F2(X) IS FOUND 
,.,HERF c-B'a'^O'BETA'KAPDS (SEE CALLlMG SUBROUTINE) 
■rHF  opnrP»M Tc; DESIRMFO TO HE'CALLEO IN THE ORUtR .F.» »T; 
S V^UJE OF x IN noorp Tn ELIMINATE DOIIbLE CAULS TO THE UlTERPOLATI 

C THF'
TI

APPAYS F..F2 COMTSIN THE fUNCIION VALUES TO BE INTERPOLAytO» 
C ri(l-XS,,F10=:XS*DX> FKNM. ETC AS PROVIUEO BY TEMP!» 

THF f^M SCI  MIB. ÄTSF )P. ?51) otTUPNS MINT FUNCTION VALUES AND 
SHGUMFNTS TO RE USED FOP INTERPOLATION IN ARRAYS ARG.VAL RtSpECTIVELY. 
r,I«EN TME Asr.UMENT <.rTC. „„^  _, , 
(THE APr,UMFMT TCOL IN AT?E IS 1 R_ THE FUNCTION IS STORED IN A 

C iHF'lRMicu'sU^^ALI.P.^l) UOE-^ *lTKEN-i.A6RANGE INTERPOLATTON 
C ON (4O0.VAL) AND RETURNS THE RtSULTIMG VALUE Y. EPS IS AN ABSOLUTE 
C FRROq FtGURF »MD IEP tS AN ERROR L»FLAG«. 

COM"ON/PM IHLK/CS IP. CS?R«CSlT.CS2T.XS.nXtNf.MINT.EPS.Fit 2(10) • 
♦ Fi(oOO).Hni.D.A.Ke.TLAST.TNtXT.IERR.IP.MPltISW.N. 
♦PAD.NPl.rl.Cl 

C "OLO IS USED TO STOPE PHT(.T.'X) 
DIMC-NSION ARr,(2n) .VA|., (?0) 

l<'ln CALl ÄTSF(X.XS.nX.Fl.NF.l.ARr,.VAL.MINT) 
CALl ALT (X.ARG.i/Ai .Yl .MlNT.Eob. IER) 
CALl' ATcr (X.XS.OX.F^.NF.l»ARG.VAL.MINT) 
CALl ALT(X.APG.VA).Y?.MINT.EPS.IER) 
OHI=CS1R»Y1*4EO,>CS2P»Y2 
HnLn=rSlT»Yl»AE 1»rS?T»Y2 

2000 RSTMRN 
EMO 

003850 
003860 
ÖU3870 
003880 
Ö03890 
ÖÖ3900 
OÖ3910 
OÖ3920 
553930 
033940 
003950 
003960 
OÖ3970 
003980 
SO3990 
OO'tOOO 
604010 
604020 
004030 
ÖÜ4Ö40 
ÖÜ4650 
004060 
004070 
OÖ4080 
004690 
004l00 
OÜ4110 
004120 
004130 
604140 

IP 

172 



B.4   Function JQ 

Id 

15 

20 

25 

3S 

15 

PFA| FÜMr 
C ,10 IS TME BtS 
C  HAWDHOOK'  OF  W 

c r=5 ^OUHTIOM 
OTMFNSION 

DATA   MT/» 
IF(y.r,T,S 
IF(..T.NF. 
MT=« 
FACT(n=l 
no i i=?, 
FaCT(n=F 

3 CONTINUF 

00 it i=». 
FACT(I)=) 

4 CONTINUE 
?  CON'-IHUF 

AMSo=0.0 
ANSM=D.O 
APO^O.?1;!» 
4Pr,ii=ARr, 
no =  l=i. 
AMSM=AMSM 

AOOn-ARfill 
AMSc'=AMc;D 
ARGitsARGll 

*   CONTINUE 
.)0 = '.0*(A 
RFTHRN 

CONTINUF 

TOI( = 3.0/« 
F7=.797Ba 

I.OC 37237 
TH?trX-.7t> 
Loins'.!?1; 
)ri=rz»cns 
RFTuRN 
EMD 

TIOM Jn{«) 
SFL FUNCTION OF THE H«ST KlNüfZEHOTH OROER. SEF 
ATHEMATIr.Ai FIINCTlONb-AMS 55. FOR VALUES OF THE ARGUMENT 
q.i.12 i«; USED, üIHEHWISE 9.4.3 is USED. 

FACT(201 
/ 

)   GO  TO   1 
0»   GO  TO   2 

.0 
20 
ACT(I-T)»FLOAT(1*1) 

?0 
.0/FACT(T) 

lt>.2 
*ARr,U»FAr;T(T) 

• ARG 

♦ ARGU»F4rT(,l) 
•ARG 

1 

NSP-ANSM) 

4S6-.0n0n0n77»TO»-.0055?74»ToX"2-.0000951E»Tex»«3» 
• TOX»»i.-.0007?e0i>»TnÄ^»5».000l't*'<>,tOX»»6 
539fll6-.n4lftft3i?7»TOX-.0o0039S't»TOX«»2».OOZ62i>?3»TüX»»3- 
•TOX»»4-.0nn2933J,TnX»»St.000l355Ö^TOX»»6 
(THZ)/SOoT(X) 

oimsc 
ÖÜ4160 
ÖÜ4170 
00<tlB0 
Öä'tl90 
004200 
604210 
004220 
ÖU4230 
004240 
Ö04250 
ÖÜ4260 
004270 
004280 
ÖÖ4290 
004300 
$04310 
604320 
004330 
404340 
ÖÜ4350 
004360 
ÖÜ4370 
004380 
ÖÖ4390 
604400 
604410 
004420 
6Ö4430 
ÖÖ444C 
ÖÖ4450 
004460 
604470 
6Ü4480 
604490 
6Ö4500 
604510 
604520 
6Ö4S30 

B.5   Function J1 

10 

15 

OFAl FUN'-TTON Jl (y) 
C (1 IS T^E BESSEL FUNCTION OF THE URST KIMDIFIRST ORDER. SEE 
C HANOKOO«- OF '«ATHERMATTCAl FIINCTloNS-AMS Ss. FOR VALUES OF tHF 
C ARGU^FNT 1=11 EQUATTOM Q.1.10 IS USEn. OTHERyiSE 9.4.4 IS USFU. 

OIMfNSlON FACTCm 
OST« MT/V 
IF(/.GT.T0.) GO To 1 
IF( -T.NF.O) GO TO 2 
MT=I 
F«CT(1)=?.0 

DO 3 1=2.20 
FACT(I)=FACT(I-I»»FI_OAT(I»(I»I)) 

3 CONTINUE 
no 4 1=1.20 
FACT(T)=1.0/FACT(T) 

CONTINUE 
CONTINUE 
AKinsfl.O 
AMSM=a.0 

0C4540 
ÖÖ4550 
6Ö4S60 
004570 
004580 
604590 
6Ö4600 
$04610 
$04620 
$04630 
604640 
604650 
ÖÖ4660 
$04670 
604680 
6Ü4690 
6Ö4700 
6Ö47I0 
$04720 



PW'1  ' '  1""1   1...._,..-.., .. . ..  ,,_...,    _    ,  ,, w» „.,.... u. .   - - -- -,..._„, 

i; 

25 

3!) 

3S 

40 

IS 

20 

2S 

30 

35 

40 

AW=Q.,25itK*X 

00 ^ 1 = 1,11?»? 

1=1 ♦! 
jQfij i=AR.Rn»:4RR       ■:, * 
4MS.-!=ANSD»A»f",U<'FA'~T( I) 
ARRnsJRRiiSARR 

! CINTINIIF 
ll = »Rr,S»(l .0*(Ai)Sfi-AMSN)! 
RCT'lRKi 

T-1X-3.1/' 
Fi = .7'47«<i4S6».ü'i0''01^ftf»T0X».0165'?6f,7OT0>,«»2t.000!71ü5,'TOy<nt3 
l-.0-24')S1 l»TnX»«4t. ,^(11 ^fi^3<'TUX»^t5-.0O02ü0J3»TOX^,*6" 
THl-X-^.->t;(S1^^44^♦.lS^tQQf.l2*TnX♦.00005A5U»tUX^t»^-,0063'aV°,tTOX»»3 

l».0''0 7'tT*fl»TnX»»4-f.nnr]7qa24»TÜX»<»5-;onU2'*ltib»T()X»»6 
ll=rl,»CO^(THl )/SQoT (y) 
RF'tliSW 

0U4730 
U04740 
Ü04750 
004760 
ÖJ4770 
Öüi,780 
0J47q0 
ÜiJ4800 
ÖU4810 
Öu4820 
ÖJ4830 
Ö04840 
004850 
ÖC4860 
Ö04870 
Öu48H0 
ÖJ4890 
ÖU4900 
ÜJ4910 
Öi:4920 
()i)4930 

B.6    Subroutine RTAPE3 

SIWPOUtTl'F    HTAPF3 111 
nM.0N/PHTf<LK/Csn,rs7R.CblT.i;S2T.XS,nX»NF.i.|!NT.EPS,Fl I20u) . 

»F''(-.0n) .-inLD.A.Kir.TLAST.TNhXT.lEoRiIP.MPlilSW.N, 

♦^«D.Nul.^l.Cl 
roM ,'0»l/irILFS/lT3.lT6.TT5»lTf,«IT7.IT8 
ntM^NSlP'.'  F|M(8?i ..F5',M«» •!■ 1P1«2) »F2P(ö2).WFIN(82» ,^FiM(?2) . 

♦iir.I  !P(85. P?) .IIF IM-'(a^.^?) 
OATA    ISMl/O/ 

ijXAOCi   r-AM   RT   \)SfU   AS   A   r.FMFRAL   DURPOSE   SUHKOUUME   FOR   LINtApLY 
INTERohi ATlMr,  FüMCT-IOM   i/MJIFS  IfBF 1 WEEN  RErOHÜSl».   I.E.   AbSUMd 

C   UECORO   'i   INCl HOES   TUF    IMFliPMATlON   TN.F (1 J TN) »F (Z!TN) . . 
C   «.MD   REGnRO   Mt,!    INCHinrs   TM* 1 .(■ (1 ! i N» I ) .F ( ?i TN* 1) i ....... . 
C   THFM   IF   TfJ(=T(=TM*l    TS   P-T^pM«   THE   OU.lNTITlES   F ( U T) .F (2 i T I < .  
C  ftRF  RFT^RNEo   WHERE* 
C F(TiTJ-F(imJ)*C»(F(i srM*lW-UilNI) i C=(T-TN)/(Th(«l-TN) . ETC.. 

C IT IS ScSUMF.-i THAT T^F PAPAMETtf) I I'lCoEAstS WllH INCREASING KtCORD 
C MCIMBEP iNO Mi FUE 'F.MlMnS ARE PEWMITTED. I.E. kTAPE3 SHOULÜ öt CALLED 
G M TV   rMfRFASIMfi VALUES IF T ONLY, 
C PTAPF-I pEr.OG"T7ES Two EPROR CUNOIMOMS WHICH SHOULD HE CHECKFU FOR IN 
C THF CM i INF, DPOGPAM. IF TFPP=0 THEN MO EPPÜR HAS OCCURRED- IF IERR = 1 
C THFNTHr TIM'-" VALUE Ts I FSs THAN I HE TIME VALUE OF THE PREGEFUING CALL 
C TO RTAP-3.IF IFPP = ? THEM THf 11MF VAI.UE Is GREATER THAN THt TIME VALUE 
C «SSOCIATEO WITH THE LAST TMDUI RFCORn. 
c T  THi.- nRESENT VERSTOM nF RTAPt3 EACH OUTPUT RECORD ^ ROM TEuHb) Is 
C fSSUMFQ TO RF IN THF FOPW« 
C  MF,TFIN.RFIM(8?) .7FiNrP?) .UHN(H2.?2l ,F1 {b£) .F2(82) 
C .„HFRF JFIN rs THE TIMF ^ALUF AND U (82) .F? (B2): ARE THE DESIRFU 
C FIIMC-TTOM VALUES CORJEsPOMDTNG TO -FIM. 
C PTAPF3 »LSO OUTPUTS THE OIMFNSIONALI7ED (AND LINEARLY INTERPOLATED 
C TN TJMEI WIM.IOW TEM^EPATIIPF FUNCT1N TN A FORM SUITABLE FOR U<;L WITH 
C nlsPl.AY. BROVTOEO IPPTNT-?. 

IFPJ=^ 

T''=T/C1 
IF nswn i:irS»nef) 

noo isv'=i 
9EA'o(ITil MG.TLiST'^FTM.Zf 1N.UF1NM.FIH.F2M 
TT=TLAST 
OM[H=OFTMM ) *RAU 
RMAX'^FTMIMPD'-'AO ;, :. ; 
TF (EOF(IT3)) 1111.1120 

llln IFR?=2 
OOTi 2001 

n2o IF (T-TI:;.VST)  1no.n40.114u 
1130 1FR0=1 

174 

0v4940 
ÖU4950 
Ö0t960 
Üv4970 
Öi.4980 
Oi'4990 
ÖuSOOO 
ÖJ5010 
Öv5020 
6^5030 
005040 
üuSOSO 
Ö'J5060 
»5070 

(K'SÜSO 
Ö'i5ü90 
.15100 

ÖdSllO 
005120 
005130 
Öu5l40 
Ö0515O 
ÖOSlftO 
ÖÜ5170 
605'IBO 
ÖU5190 
Ö05200 
ÖÜ5210 
ÖU5220 
ÖL5230 
005240 
Ö'J5250 
Ö05255 
ÖJ5260. 
005270 
ÖU5280 
ÖU5290 
Ö05300 
Ö05310 
ÖU5320 
005330 
ÖÜ5340 
005350 
Öu5360 



45 

50 

55 

ll'nj  RPAridTT)   NG.TNPXT.aFiM.ZKIN).UFlMP,FlD.F2P 
1115   IF   (T   .LT.   TT)    lOnO.TOln 
|!)00   IF«"! 

GOT"  ?ö(lfl 
C   TF   T   .FT.   LA<;TT  THEM  MOTHTNR  MORE  TO  ÜO 

lOiO   IF   (T   .Fo.   TT)   r,OTO   ^000 
C   TF  T   .L-f.   TNFXT  THEN   s   PFAD   IS  Nol   RFQDIRFÜ 

IF    (T   .LT.    TNEXT)    GOTO   \0ä0 
ln3o  qc^ndTIl   NG.TLAST.QinNfZI-IN.UFIMM.F1M.F2M 

IF   (EOFdn))    10*0.1050 
lo'iO   f,FRo=2     , 

'''■■[■.     GnTi 2öon v;,;;- 

0l!5370i 
ÖU53A0 
öa5<»oo 
öuS'tlO 

ÜC5430 
Üu54<«0 
ÖÜ5450 
ÖÜ5460 
ÖÜ5470 
005480 
505490 
ÖU5500 

■      < 

»?-- 

60 

65 

70 

75 

80 

85 

to 

95 

10« 

1(!50   IF   (T   .1^.   TLAST)   GOTO   1080 
RFAndTH   NG.TNFXT.PriM.ZHM.UFlMP.FlP.FZP 
IF    (EOF (T 13) 1    llftn, )(|70 

1060    IFBD=? 
GOTO  2000 -,■,. ■ svis.v. 

1070   IF   (T   .Lc.   TMEXT)   GOTO   1020 
GOTO   1030   ■ " " 

1020  C=(T-TLA<;T)/(TNrXT-TLAST) 
00  i00   1=1.MP1 
F1(T)=F1'.WI)*C»(F1P(T)-F1M(I)) 
FP(T)=F?M(I)»C»(FPP(T)-F2M(I)) 

100  CnN>lN/UF 
r,m^(?ofio.i2ov IP 

120 DO 130 1=1.NPl 
l]=R*iO»ZFTN(I) 
DO '40 .I=1.MP1 
OFlMCJ)=r3»(llFIMM(J.-n »C* <UFINP (j. I )-ilFlNM (Jf I))) 

1*0 CONTlNUF 
HPITEIITP) I.NPl ,i(,TH.MPl»HMTN,RMAX. (DFIN( J) .J=1.MP1) 

no   coNTikiuE      ,, 
■: " :  GOTO' 200"  :. 

1080   TTFMPsTL^ST 
TLA';T=TMirXT 
T'JF/TsTTFMP 
no ;io 1=1.MPi 
FT=F.lM<I.1 
F)M(I)=F1P(I) 
f 1P,n=FT 
rT=c-2M(i) 

,  F?M(I)=FPP(I)' , • 
F?PlI)=FT 

110  CONTlNUF 
■'' . '     GOTn(10?0.150) IP 
150 DO 160 1=1.NPl 

DO '60 ,I=1.MP1 
FT = IIFINM(J.I) 

UFIMM(J.T>=ÜFINP(.I.I1 

IJFIMP(J.T)=FT 

160 CONTlNUF 
GOTO 1020 

2000 TT=T ■',.",'•■' 
',  RETURN, 

END ■ 

0U5510 

005520 
Ö.I5530 
005540 
0.(5550 
Öii5560 
0^5570 
ÖL.55R0 
0ü55l30 
Of) 56 00 
ÖU5610 
OÜ5620 
ÖU5630 
01(5640 
Öi}5650 
Öo5660 
ÖU5670 
Üi')56B0 
ÖÜ5690 
ÖU5700 
ÖÜ5710 
Ö05720 
ÖU5730 
Ö05740 
005750 
0Ö5760 
Ö05770 
ÖU5780 
0^5790 
Üu5800 
ÖuSfllO 
ÖJ5820 
01)5830 
Öu5a40 
Öi(5850 
01(5860 
005870 
01)5880 
Ü1J5890 
005900 
Ö05910 
ÖÖ5920 
0U5930 



F 

B.7    Subroutine ALI 

SUFIQOIJTTME  ALI(x.4Rfi,VAL.,'«NDlM.FPS.IFB> 

10 

IS 

20 

25 

30 

35 

40 

45 

50 

55 

60 

55 

TO 

C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
t 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE ALT 

oURPnSE 
TO IKTEftPOHTF FUMCTION VALUE Y FOR A GIVEN ARGUMEtdV-VALUt 
X USING A GTVFM TAHLt (ARG.VAL) OF ARGUMENT AND FUMCTION 
VALUES. 

nSAGF 
CALL ALI (X.Aor,.VAL«Y.NUIM,EPS,TER> 

X 
ARG 

V.4? 

nESCRTPTION OF PAOSMFTtHS 
X     - THF AQGilMENT VALUE SPECIFIED BY INPUT. 

THF INPUT VfcCTUR (DIMENSION NDIM) OF AROUMLNT 
VAiUFS n?   THE TABLE (NnT DESTROYED). 
THc INPUT VECTOR (DIMENSION NDIM) Of FUNCTION 
VAJUES'OF THE IABLE (DFSTROYED). 

Y     - THF OFSULTING INTERPOLATED FUNCTION VALUE. 

NDTM   - AN INPUT VALUF WHICH SPECIFIES THE NUMBER OF 
HOlNTS IN lAHLt (ARG.VAL). 

EPS    - AM IMOUT CONSTANT «MICH IS USED AS UPPtH ROUND 
FOo THE ARSOLUIE ERROR. 

IEO   - a PESULTIN6 ERROR PARAMETER. 

" M<ll) TABLE URG.ifAL) SHOULD RCPRFSENT A SINGLE-VALUfU 
FUNCTION «Mil SHOULD BE STORED IN SUCH A WAY» THAT THE 
DISTANCES .»P!S(AHe(I)-X» INCREASE KITH INCRE«S1MU 
SUBSCPInT T. TO GEM-RATE THIS ORDER IN TABLt (ARG.VAL). 
SURROUTlMFS ATSG. AISM OR ATSE COULD BE USED IM A 
PREVIOUS STAGE. 

(?) NO ACTION «ESTOtS EHROR MESSAGf, IN CASE NDIM LFSS 

(3) INTERPOl ATION IS TERMINATED EITHER IF THE DIFFFWENCE 
BETWEEN TWO SUCCtSStVE INTERPOLATED VALUES IS 
ABSOLUTELY LFSS"TH4N TOLERANCE EPS. OR IF THE «bSOLUTE 
VALUE OF THIS DIFFFHENCE- STOPS DIMINISHING. OR AFTER 
(NDIM-1, STEM'S. FURIHER IT IS TERMINATED IF THF 
PROCEDUDE OISCOVtRS TWO ARGUMENT VALUES IN VECTOR ARG 
WHICH APE TDENTICAI . OEPENDFNt ON THESE FOU« C«SES. 
ERROR PARAMETER 1EPIS CODED IN THE FOLLOWING FORM 
IFR=0 - TT WAS POSSIBLE TO REACH THE REQU1KED 

ArCMRACY (NO FRROR1. 
IeR=) .'IT WAS'IMDUSSIBLE TO REACH THE RE0U1RFU 

ACCUOACY BrCAUSE OF ROUNDING ERRORS. 
IFR = ? - IT WAS 1MDOSSI8LE TO CHECK ACCURACY BFCAUSE 

NOIM lb LFSS THAN T. OR THE REQUIRtU »CCURACY 
fOULO NOT BE PEACHFD BY MEANS OF THE pIVEN 
TARLF. NDIM SHOULD BE INCREASED. 

IER=T - THE PROCEDURE DISCOVERED TWO ARGUMENT VALUES 
IN VECTOR ARG WHICH ARE IDENTICAL. 

SUBROUTINES ANn FUNCTION SUBPROGRAMS REQUIRED 

NONP 

'"INTERPOLATION IS noNt BY MEANS OF AITKENS SCHEME OF 
LAGRANGE TNTEOPOLATIÖN. ON RETURN Y CONTAINS AN INTERPOLATED 

FUNCTION VA|UF AT POINT X. WHICH IS IN THE SENSt OF REMARK 
(3) OPTIMAL WITH RESPECT TO GIVEN TABLE. FOR REFERENCE. SEE 
F.n.HILDERRANO. INTHODllCTION TO NUMERICAL ANALYSIS. 
MCGRAW-HILL. NEW YOHK/TOROMTO/LONDON. 1956. PP.VJ-SO. 

DIMENSION A«G(1(.\/ALM) 
IF.R=2 

0U59A0 
6U5950 
605960 
ÖIJ5970 
Ö»59fl0 
ÖÖ5990 
006000 
006010 
ÖU6Ö20 
Öi)6Ö30 
«ii6tf*0 
ÖÜ60S0 
Ö06Ö60 
ÖÖ6Ö70 
DU6ÖB0 
Ö06Ö9O 
006100 
ÖU6U0 
Ö06120 
ÖÜ6130 
Ö06UO 
006150 
006160 
ÖÖ6170 
ÖU6180 
ÖÜ6190 
ÖÖ6200 
006210 
006220 
ÖÖ6230 
Ö06240 
006250 
006260 
ÖU6270 
506280 
ÖU6290 
006300 
ÖÜ6310 
ÖÖ6320 
ÖÖ6330 
ÖÜ6340 
ÖU6350 
606360 
ÖÜ6370 
ÖÖ63B0 
ÖU6390 
ÖÖ6<t00 
006410 
ÖÜ6420 
ÖU6430 
ÜÜ6440 
Öu6450 
ÖÜ6460 
Ö06470 
006480 
006490 
006500 

00651Ö 
ÖÜ6520 
ÖÖ6530 
006540 
Ö06550 
806560 
ÖÖ6570 
ÖÖ6580 
606590 
ÖÜ6600 
006610 
6Ö6620 
006630 
806640 
ÖU6650 
6Ö6660 
ÖÜ6670 

:SW- 
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75 

flD 

8S 

90 

95 

100 

105 

IK 

r)F.tx2=0i 
jF(woiM-n9>7u 

■;T4oT   OF   ATIKEN-L"On 
1   DO   i.   .I=?.NÖIM 

nFL-'l=f)Fl T? 
tFM1=.J-l 
no » I=l.I?Nn 
H=4jG(Il-4Wß(J) 
IF(H)2Vn;? 

?   v«L(J) = C.ML<n',('<-A^(.lt)-YAl.tJ)»(X-ftor5n)>)/H 

0C(_,T2=AR<;(VAL;<J)->I*I, 'TEND») 
tF( i-?)<,,6.3 

1   TF('.ELTs-EPS) lO.ln«'. 
4 IF( i-5)fi.5.5 
5 IF|nEi T^-nELTU^.U.H 

END OF   »ITKEN-Lonn 

7   ..I^NMM 
fl   v=V/'L(.)) 

TH^VE   15  SUFFICIEMT   acriiRACV   WITHIM  NOIM-I   ITERATION  bTtob 

lo irt-6 

TFST VAL'iE DELT? cT»oT5 ObCILLATTNG 

II  IFflr:! 
1?  |=IFNn 

r,oTn S 

TMFoE APF TWO infiTTrAL »HtiUMtNT VALUFS IN VECTOR MC, 

13 yEO-3 
r,0To >2 

EM') 

0u66H0 
00 6690 
üCi6700 
Ö.6710 
ÖJ6720 
006730 
ÜD67itO 
01.6750 
ÖU6760 
Ö06770 
006780 
ÖJ6790 
(K6800 
Ö:i6810 
ÜU6820 
ÖJ6830 
ÖJ6BA0 
ÖÜ6850 
Ö;6860 
ÖÜ6870 
ÖU6880 
0o6B90 
ÖÜ6900 
Ö'.i6910 
Ö0 6920 
006930 
006940 
ÖO6950 
Üo6960 
Ö06970 
ÜU69P0 
006990 
ÖÖ7000 
Ö07010 
007020 
8Ö7Ö30 
Ö07ÖAO 

ii 8.8   Subroutine ATSE 

5U5oOI)TTME  ATSE   («,7<;,r)7.^ • IRUW. IC0L. ARG.VAL.NOIM) 

10 

15 

20 

25 

C 
C 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
G 

c 
c 
c 
c 
c 
c 
c 

■lUBHOHTINE  ATSr 

MDI^  POINTS  0F  A  r,IVtN   FABLE  WITH  EQUIDISTANT   AHöÜMtNTS  ARE 
SEI ECTEO  ANn  noDEoEO   SUCH  THAT 

Afl5(ABO<I)-y).r;F.ABS(ARli(J)-X)   ^   I'öT'J. 

CALL  ATSE   (x,75.n7,F.IBOW.ICOL.AHG.VAL.NDIM) 

nESCPTPTION OF PAPAMETtHS 

ZS 
07 
F 

IP1M 
ICnL 
ARr, 

VA). 

- THF 5FABCH ARGUMENT. 
- THF STARTINO VALUF OF ARGUMENTS. 
- THF TNCREMtNT OF ARGUMFNT VALUES. 
- IN CN5E ICÖL=H F IS THE VECTOR OF FUNUInN VALUES 

(DTMFMSION IRO").       ■ ,,„, 
IN TASF ICUL.7. F IS AN IRO* BY 2 MATRIX. THE FIRST 
COiUMMSoECIFl'tS THE VECTOR OF FUNCTION VALUES AND 
THF SFCONDTHE' VECTOR. OF DERIVATIVES. 

- THF niMENSlON OF FACH COLUMN IN MATRIX F. 
- THc Ml IHRER OF tOLUMNS TN F (!•£. I OR 2). 
- THF OFSUITING VECTOR OF SELECTED AND OWUEptü 

ARfiUMFNT VALUFb (OIMEN^ION NDIM). 
. THF OFS1ILT1NG VECTOR OF SELECTED FUNCTION VALUES 

01)7050 
ÖO7Ö60 
0o7Ö70 
ÖU7080 
ÖÖ7Ö90 
0U7iCt0 
ÖÜ7110 
ÖO7120 
ÖO7130 
007140 
Ö'-7150 
Ö07I60 
6ii7170 
ÖJ7180 
ÖÖ7190 
ÖU7200 
ÖÜ7219 
Ö0 7Z20 
ÖÜ7230 

Ö07240 
ÖÖ7250 
007260 
Öu727(> 
ÖÖ72H0 
007290 
Ö07300 
Ö07310 
ÖÜ7320 
ÖU7330 
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30 

35 

^O 

ttS 

50 

55 

hO 

70 

75 

80 

8b 

90 

95 

100 

C 
c 
c 
c 
c 
c 
C : 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

(nrMFMSInN  NÜTM)    IN  CASE   IC0L«1.   IN  CAit  TC0L=2I 
WAi    T*  THE   VECTOR   OF  FUNCTION  AND  DERIVATIVE  VALUES 
{DTMFMMnN  2»NUIM)   WHICH  ARE  STORED   IN PAIRS   (I.E. 
FACH  FUNCTION   VALUE   IS  FOLLOWED  RY   ITS «EPIVATIVE 

Nr,TM       -   THF  KJIIMRFR  OF   POINTS  WHICH  MUST  BE  SELtCTfU  OUT  OF 
THr   GIVEN   lABl.F. 

OEMAPKS 
NO ACTION IM CASE IKOW LESS THAM I. 
IF INPUT VAI UF NDIM IS (iREATER THAN IROW. THE PRaGpAM 
SFi FCT5 ONLY A MAXIMUM I ABLE OF IROIX POINTS.  THERFFORE THE 
Usrp OUGHT TO CHFCK COPHESPONDENCE BETWEEN TABLE (ARG.VAL) 
ANn ITS DIMFNsmN BY COMPABISON OF NÜIM AND 1R0*» IN ORDER 
TO fiFT COPPFCT PESliLTS IN FURTHFR WORK WITH TABLE (ARG.VAL). 
THTSTEST MAY SF nONt RtFORE OR AFTER CALLING 
SUBPOUTINF ATSF. 

SDoROUTlNF ATSF ESPECIALLY CAN BE USED FOR GENERATING THE 
TABLE (ARG.vAU NFEÜtO IN SUBROUTINES ALI. AHI. ANn ACFI. 

SUBROUTINES ANn FUNCTION SUSPPOORAMS REQUIRED 

NOME  ■ 

SFi ECTION is OINE BY COMPUTING THE SUBSCRIPT J OF THAT 
APGUMENT. WMlCM Is NEXT TO X. 
AFTERWARDS METGHBOUMINR ARGUMENT VALUES ARE TESTED AND 

SFi ECTED IN THF ABOVE SENSE. 

OTMFNSION Fdi.ARG (U*V«L»1) 
ir(TROW-U19.17.I 

CASF DZ=n IS CHF.CKEH OUT 
I IF(nZ)2.l7.2 
?   N=NnlM 

, IF  M   IS  GREATER  THAM   IROW   N   IS  SET  EoUAL  TO  IROKI. 
iF(M-iRni'i)'t.'n3 

.  3  NrtpO« 

COMoUTATTON OF   STARTING  SUBSCHIPT  J.    ,,. 
4   ,l=(v-ZS) /nZ*1.5 

tF(.j)5.S,6 
■S   .1=1 
ft   IF( i-IRnwl8.8.7 
7   ,|=IoOW 

GENERATION   OF   TARlE   APG.VAL   TN   CASE   D7.NE.0. 

■R   11= I 

00  i6  I = V.N 

APG(Il=7S*FLnAT.(lT-l)»n7 
IF(TCOL-')9.10.10 

9  VAL(I)=F(TI)   ' 
GOT"   U   ' ' '"^ v"':.; , 

10   VAL(Z»I-)I=F(II) 
iTi=ii*ionw 
VAL(Z»I)=F(ITI) 

II ir( i*jP-Tnnw)IZ.ls.v? 
1?   IF( 1-IL-lll3.1*.n 
13 IF((APG{T(-X)»D7M*.1S.15 

14 IP= |R*1 
11= it IR, ';./; 
GOTO ■ ift ■■' 

15 M.= lL.1        ■ 
tl= r-IL 

If,  CONTINUE, 
RETURN - 

ÖÜ73*0 
ÖÖ7350 
ÖÖ7360 
ÖU7370 
ÖU7380 
ÖÖ7390 
007400 
007410 
007420 
007430 
ÖÜ7440 
ÖÖ7450 
ÖÜ7460 
007470 
ÖÜ7480 
ÖÖ7490 
007500 
ÖÖ7510 
ÖÖ7520 
ÖÜ7530 
ÖÜ7S40 
ÖÖ7550 
007560 
ÖÜ7570 
007580 
ÖÜ7590 
OÜ7600 
ÖÜ7610 

0Ü7620 
ÖÖ7630 
007640 
ÖÜ7650 
007660 
60 7670 
ÖÖ7680 
ÖÜ7690 
ÖÜ7700 
ÖÜ7710 
ÖO7720 
007730 
ÖÖ7740 
ÖÜ7750 
ÖÖ7760 
ÖÖ7770 
007780 
ÖÜ7790 
OÖ7800 
ÖÜ7810 
ÖÖ7820 
007830 
ÖÜ7840 
ÖÖ7850 
ÖÖ7860 
607870 
607880 
607890 
0Ö7900 
007910 
6Ö7920 
ÖÖ7930 
ÖÜ7940 
857950 
ÖÜ7960 
ÖÜ7970 
507980 
607990 
ÖO8O00 
608010 
008020 
008030 
6Ü8Ö40 
ÖÖ8Ö50 
6Ü8Ö60 
008070 
608980 
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C4S^   07 = '' 
17   Ä»!3>li=ZS 

VftL(l)=f(It 
TF(TCnL-')l,?,l9.l« 

1R   VftLiZ)117'?) 

FMD 

uuoiu« 
ÖÜBU0 
ÖÖÖ120 
ÖÜ8130 
Ö0B14O 
ÖÜ8150 
ÖÖ8160 

B.9    Subroutine DQG24A 

SDRoOUTIME D0G24A(Xl..XIJ.XA) 

1" 

15 

20 

25 

3D 

35 

50 

55 

C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

■■■■e:- 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
G 
,c, 

''4 
c 
c 
c 
c 
c 
c 

CURROMTINE Dor,?a 

nUqPrKE 
TO COMPUTE TNTrr,P4Ltt-CT(X) . SUMMED OVER X FROM AL TO XU) 

uSAGF 
C4I L 0OG24 (XI .XU.FCT.y) 
P4D4METER FcT PFOIIIHtS AN EXTERNAL STATEMENT 

nESCRTPTION OF P)\p»METtRS 
XL - OOnRIF PREC1SIUN LOWER BOUNU OF THE INTERWAL. 
Xu - DOiiBIF PoECISIUN UPPER BOUNU OF THE INtERvAL. 
FCT   - THr MAME Ot AM EXTERNAL UOUBLE PRECISION FUNCTION 

SURPPOGP&M USfU. 
Y     - THP QFSIILTlNG UOUBLE PRECISION INTEGRAL VALUE. \ 

^EMARu-S 
NOME 

qURROMTINFS   AMO   FIIMCTION   SUBPROGRAMS   REQUIRED 
THF  FXTERM«!    OOUBLE  PRECISTON  FUNCTION  SUBPROGRAM  FCT(X» 
MIJST  BE  FilRMlSMFO  AT   THE  USER. 

■lETHnn 
EVALUATION TS HOME HY MEANS OF P^-POINT GAUSS QUADRATURE 
FORMULA, WHICH INTEGHATES POLYNOMIALS UP TO DEGREE <♦? 
E^GTLY. FOR RFFE^ENCE. SEE 
V.T.KRYLOV. APPROXIMATE CALCULATION OF INTEGRALS« 
MACMTLLAN, MEW YOPK/LONUQN. 196?. PP.100-111 AND aiT-S'tO. 

.OTMFNSION XA(1) 

A = .qDO»(XIUXL) 
f«=Xii-XL 
C=.»975916099985ineiOOoP 
xa(i)=A*'- 
xs(-))=A-r 
C = .'.8736'J?77985ft567snO

,,B 
XA(T)=:A.r 
«A(4)=A-n 
C=.^69137P?76001(663Rn0»n 
xA(ti=A.r 
XA(A)=A-C 
C = .f.'k3207763502?005'O0»B 
XA !--)=Air 
XA(H)=A-C 
C = .A 100 0^«9298695t46n0»R 
)(A(-!)=A»r 
X«(<0)=A-C 

0U8170 
ÖU8180 
008190 
ÖÖ8200 
ÖÖ8210 
0Ö8220 
008230 
088240 
ÖÜ8250 
ÖD8260 
0Ö8270 
S0828O 
5Ü8290 
ÖÜ8300 
OÖ8310 
ÖÖ8320 
ÖÖ8330 
ÖÖ8340 
008350 
008360 
008370 
008380 
ÖÜ8390 
OÖB400 
008410 
008420 
Ö0843O 
008440 
ÖÖ8450 
ÖÜ8460 
ÖÜ8470 
008480 
ÖÖ8490: 

008500 
8Ü8510 
008520 
öDa530: 

SÖ8540 
öiiasso! 
ÖÖ8560 
008570 
ÖÖ8580 
01)8590' 
ÖÜS600 
ÖD8610 
ÖÜ8620 
ÖÖ8630 
008640 
ÖÖ8650 
ÖÖ8660 
Ö0867O 
01)8680 
6Ö8690 
ÖÜ8700 
608710 
608720 
608730 
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1 
1 

1 

■J'- , i 

■    i 

70 

75 

80 

10 

IS 

20 

25 

30 

35 

C 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
G: 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e, 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 

x«(' i)=/ur 
x*(i2)=a-c 
r-.-.2<.fl',f8?5<368aH77l:<i1(i«-ci 
)i!i(:':3> = «»C 

C = ,^X?7\,i7356y44I<»77h0*B 
x«(i5)=A»r 
XJ(i6)=«-C 
C = ,^lf>8ijf,7'=i3«ri:i?'57nO*R 

x»(>8)=«-r 
C=,i57ti?n39H'tBn8i6Qno»>'-i 
Xftt^tsA.C 
x» (■>a)=n-r. 
C=.r)5SS')/4T17368.;i8l5T-I»R 

XM^2t=«-C 
C = .-'20?844ft<»313'l?ann-J«8 
X4('>3i=s.r 
«M?4I=4-C 
p,.ctH,8"N 
EM 

B.10   Subroutine DQG24B 

SIW-JOUTIWH  0OO2A«>XI .xil.Fl-T.Y) 

D'JRTn^nMPun: TNTcr,P»LtfCTtx». SUMMEü ovts x FROM XL TU XU> 

MSSRF 
CIVIL   00024   (XL.xn.FCl.y) ,    v..^.,-, 
P»DAMETER  FrT  OEmiTRtS  *N  FXTEPMAL   bTATEMENT 

nESCPiPTION 
:.:', XL   '     '  - 

Xil 
FCT:.':     - 

OF  P^o/VMFTtHS 
nOufllF PRECISION I OiVEB BOUNU OF THE INTERVAL. 
nniiRI F Pi^ECISTON UPPER HOUNU OF THE INTERVAL. 
THC   MftMF  (IK   AM  EXTERNAL  UOUHLE  PRECISION  rUNCTION 
c;l)qPoor,P«,M   USFO.:  ^ 
THr PFSULTING UOURLE PDECISION INTEGRAL VALUE. 

nE>1APKS 
Nn-'F 

cllRpmiTTNFS   AMn  niNCTlON  sURPPOGRAKS  REQUIRED 
THT  FXTER^i    OnllBLE  PRFCISTON  FUNCTION  SUBPROGRAM  rCT(X) 
MIKT   8P   FIIBMI^MFÖ   Ht   THt   LKER. 

"ETEVM IIATIOM   TS  nnNF  »»  "LANS  OF   ^-POlNT  GAUSS  QUAUPATURE 
FOOMULA*   WHICH   INTEGRATES  POLYNOMIALS  UP   TO  0E6HEE  o? 
EX\CTLV.   FOn  ^^FFDENCE.   SEF 
V   I.KRYLOV,   AooROXIMATF   CALCULATION   OF    INTEGRAL^. 
MAi-MILLAN.   ME'Ll  Y0PK/L0MU(1N.   19f,?.   PP.100-U1   ANU  337-3<i0 

DTMI?NSIOM  FCTH1 
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ffi) 

45 

50 

55 

60 

65 

R = Xll-HL 
1 = 1 
Y = .f.l706l4«999915Q9Hn-2»(t-CT<i)*FCT(Ul)) 
1 = 1*2 
Y=V».lftp^S69431i.4tfim2n-l«(Frl (I) »FCTd»!) > 
I = I»2 
y=Y*.?2n871940H7n9P(inr)-l,,<FCI(l)»FCT(I*l)) 
1 = 1 »z 
Y=y..?9f,49?9?4577lfl-(<JCn-I«(Frl (I) *FCT(r*i1 ) 

1-1*2 
Y = Y».16673?<.070S540l';in-l»IFrl (I)»FCTlI»ll 1 
1 = 1.z 
Y=Y..«.30rJc508076ci97fc*,1ftr)-l»(Fcl (U'FCTd^l)) 
1 = 1.2 
y=Y»,48Riqi2605?oi:;6aii!.f)-l»tFr;i (I)»FCT(I*J)) 
1 = 1.2 
Y=Y..S37??1350579fl?ai7n-l«(FCl(I).FCT(I.l)) 

1 = 1.2 
Y = Y..S77^?fl3'.026SA?aniri-l»(Frl (I).FCT(l.J)) 
1 = 1.2 
Y = Y».60R3c;?3f.'t619nlf,Qftn-l»tFrl (I) »FCTd»!) » 
1 = 1*2 
Y = Y..62QlR72öl7 34l'tl4Rn-l»<Frl (I).FCT(I»1) ) 
1 = 1.2 
Y=S»(Y..«=,3969097*,7337f.07aU-l»(FCT(I).FCT(I.l) I I 
RFTnRN 
FMO 

.01.9360 
"009370 
Öu93B(; 
ÖII9390 
ÖJ9400 
Öi)9410 
ÜJ9't20 
009430 
0IW440 
(KI9450 
Ö09460 
ÖÜ9470 
ü')94H0 
Ö09490 
ÖÜ9500 
ÖU9510 
Öii9520 
ÖÜSSIO 

0 0954 0 
Üü9550 
ÜÜ95A0 
ÖU9570 
Ö095R0 
Ö0959O 
009600 
Ö59610 
Üü96?0 
lii9630 

B.11    Function IKIRKP 

10 

15 

20 

25 

30 

OFÄ!     FIIMrTinM   iKIuKnill.V.T) 009640 
C            »DPTL   U.1974 009650 
C              THI<;   FÜMCTION   COypIJTFC;   THt   KIKKHDFF   IwTENSITY   FUNCTIOiW 009660 
C            4| OMG  TH^  11=0   AMD/O"  V=0   ÄIIS  OF   THE   PLANt. ÖU9670 
C            SFF   COMMENTS   IN   TKI"><   AND  COMHUlF  FOR  ÜACKGtvOUND   INFO. ÖIJ96S0 
C            IT   tS  VALID  ONLY  rOD  COMSIANT  TEMPERATUHE  WINDOWS. Ö09690 

niMcNSIOM   AA<10i Ö09700 
C0M^0N/IFILES/IT3.IT4,IT5.1T6.IT7.ITB 0Ü9710 
CnM.«ON/VICTOB/VV 009720 
COMHON.'o^IBLK/Ct5|o.r<;?B.CSlT.tS2T»)(S.nX.NF.MNNT.EPP«Fl(2nO). «09730 

♦ F?(700).MnLO.AL^A.KF.TtAST.TNEXT«IERo.lPfMPl.ISW«NGAUSS. 009740 
»P»D.NPl,r3.C1 Ö09750 

COMoLEX   « ioQ.CRHOO.rTHETAU«AlU,A?Q.A30«A4Q.A6Q«A70 009760 
RFAi    KE 009765 
OAT*    (ÄÄ(T).1=1.11)/!..-.99999999958,.4999999206.-.16b66cJ019, 0U9770 

»,(>4i6S73«.7S,-.008TOn59i!l..J01J29fl820.-.0001413i61.0».«»/ ÖÖ9780 
VV=w                                                     ' ÖÖ9790 
CALl    RTADE3(T» ÖÖ9800 
IF(IERP.MF.O)   GOTn  2000 009810 
CTHcrTAO=<-51T«FllH.4.»CS2I»F2(U 009820 
CTHrT»0=rTHETAO'tKF 009825 
CRHnO=CSl R^Fl 11) .4.»rS2R»t:2( 1) 009830 
CRHoQ=CRHnO»KE 0,)9835 
A.I0"=(0..1.) ?^840 
«20=CEXP(AJOO»CRHn01 009850 
43Q=Cexp<A,J0Q»CTHFTM^) 009860 
A10 = A2O-A3O O^Sl'O 
A=-(ALPH»«»2I 0o98H0 
TF   |A   .LT.   -1000)   GOTO   110 009900 
FXP^EXPIA) 009910 
A5=2.»(A/(1.-EXPA))»»2 009920 
GOTn   120 Oy"3« 

no   exB«=o. 009940 
■     »s^.M.A 009950 
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l 

35 

40 

*5 

50 

55 

170 

200 

100 

icon 
10' 
2000 

IFO/.EA.M   GOTO  2i0 
C=(ALPHA/V)»»2 
IFdi.EO.O)   GOTO   1,1.0 
STNaKSTMffl» 
C0So«r0S(8) 
ASQs*»*? 

A4QPEAL=.S» ( (EXPA» ( A»r.OSB*b»SlNB)) -A) / (ASQ»B5Q) 
A4QTMAG=-.5»((EXP«»(H»StNB-B»i;nSB))»8)/<*SQ»öSQ) 
A4Q=CMPL» (A<iOREAL.*40IMAG) 

TKiÖKP=AS»(<CABS(A2O»A40-A6Q))»»9MCARS(A3U»A'.0»A6QI)«»2) 

BFTilRN 
tF (-A .RT. .693) GOTO 10«0 
CALl COMnUTE(CtAA.FFl.FF2»lER> 
IF(TEP.fn.?) GOTO 1100 

?K?oKP=A^»(<CABS(A20»FFl-A701l««2»(CARS(A3Q»FFl.A7Q»)*»2) 

»FTURN 
«CIITE (TT5.10) 
FORi'*T(/» ALPHA»»? TS OUT OF HANGE») 
RETURN 

END 

009960 
5Ü9970 
ÖÜ99fl0 
ÖÖ9990 
010000 
Ö10010 
010020 
Ö1ÖÖ30 
010040 
Ö1ÖÖ50 
Ö1Ö060 
Ö10Ö70 
Öl 0080 
Ö1ÖÖ90 
Ö1Ö095 
öiöioo 
01Ö110 
Ö1Ö120 
Ö1Ö130 
010140 
Ö10150 
010160 
Ö1Ö170 
Ö1Ö180 

m 

B.12   Subroutirw COMPUTE 

' 

10 

15 

20 

25 

SUfl^OUTtNlF. COMPUTF (r. AA.f U«F1. IE»)       .  , ^ .. T^, o» 
C    THI«; SUR90UTINE RFTIIBNS THt «KPHOXIMATlON TO THE 1NTEGMA| 
C    F0= (1/W)»»2» IMTF6C.AL (Y»J0 (») •F»»(-nY»»2) )DY) OVEH (0,v) 
C    Fl-,im»»2.INTFGoAI (J1(Y)»E»» (-CY»»2) )ÜY) OVER (O.V) GlVLN BY 
C    FJ;  /V ^4.SUM(A,l).(C.»I)«(iNTEGRAL(Y»»121>l)»J0(Y)UY),)  AND 
C    F?;,l/!/J'.2.SOM(A(I).«C..l»»TNTEr,RAL< Y..(2I).J1 (Y)QY,)) UVER(0,V) 

C    WHEPE'THF'äÜ) ARF GIVEN «fOP EXAMPLE) IN NÖS 55 P. 71 
C    NOTc THAT FOR THE 
C    ADRoOXImATIONS TO HF; VALlUi 0l=Ct = .693 

COMMON/VTCTOR/V 

OTMFNSIOM  A*(l) 
RFA|    ,11 
1ER = 1 
I»0 
F0=FI=0. 

llO  TF((i*(i»l).EO.O.)   GOTO  2000 
Fo=rO*»A(T*l)*<C»»l)»n(0»It 
FjiFl*AÄ(ttl)*<t,»I)».ll(l'l> 
1=1*1 
GOTn   110 

2000  F0=F0/V»»2 
F1>FI/V»»? 
RETURN 

1000  IER=2 
RETURN 
END 

010190 
Ö1Ö200 
Ö1Ö210 
010220 
010230 
«10240 
010250 
010260 
010270 
010280 
010290 
010300 
010310 
010320 
Öl0330 
Ö1Ö340 
Öl 0350 
010360 
010370 
010380 
Ö10390 
Ö1Ö400 
010*10 
Öl 0420 
Ö10430 
Ö10440 
Öl 0450 

s« 
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6.13    Function Jl 

10 

15 

20 

25 

30 

35 

CPIMMON/VICTOP/V 
G    IF T = I' THEN THIS FiWCTinN RFJURwS« 
C     IMTrCAl^ (T»»ZN) Jl (TinT) UV£o(0»\') 
C     IF ISO.'THF^I THIS FMMCTION BFIUW.MS 
C    IMTFGOALI (T»"^ M) 1 in(T)LlT) UVEa (O.V) 

C    SFf: LUKE.Y.I.. "INTE^DALS W   ^tSSFL FUNCTIONS" 
C    MCGoA« til HILL l-^fi' 'D.^D 
C:    00 iBS ss (P.^tB')) 

1 ■' I1 = I*1 
RDTO (111.100) II 

100 IF(M.HF,I) GOTO IPO 
Jl = i.-HFsJF(f)) 
RFIHRK) 

i2o *ri;=-N 
.|T = -..»HFqJF(2) 
F»D=2»M 

<?lr2 
mm i3n 

no NI=.(M+II 
JI=PESJF(1) 
FXP = 2»N+.I 
i<?ui ■^'■-:..--      ■ . 

130 Nil l=N??=l 
igp=M»2 

l<»0 Nl = >.!l»l 
IF(Ml,En.O) GOTO ^oon 
K?i-K?Up , 
Nii=Na»Mi 
N;>?=N?2»M? 

,' ,M?=»i2tl 
Jl= II»K?1<»N11/N??»BFC;JF(K21) 

■■" GOTO 1<(0 , ' ' 
2000 lt=v»»EXP/(N*l)*jT 

FMO   : 

010^60 
010470 
Ü104B0 
Ü104<)0 
Ö10500 
010510 
Ü10520 
Ö10530 
010540 
OiOSSO 
Ö10560 
010570 
Ölü5«0 
010590 
Ö106D0 
Ü10610 
Ö10620 
Öl 0630 
Ö10640 
010650 
010660 
Ö10670 
010680 
Ö1Ö690 
Ö1Ü700 
Ö10710 
010720 
Ö1Ö730 
Ö10740 
010750 
Öl 0760 
Ö1Ö770 
Ö1Ö7B0 
Ö1Ö790 
Ö10H00 
Ö10810 
010820 
Ö1ÖB30 

B.14    Function BESJF 

m\ 

10 

15 

20 

25 

FUNr-TION  RESJF   (Ml- 
COMuON/virTOR/V - 
C0M"OM/T<?tLES/IT3.ITi.IT5»lT6»IT7»IT8 ,v 

■    . HWM 

D=.ft0! 
C^L|    flES.MV.N.B.I.n.TFRl 

'■■    IF.R-IER») 
G'nTo (10.20.30.40.501 IfR 

10  RFS |F=a.l , ' . 
RFTHRM , ■,*,:1,, :.,■ " 

50 ^OITE (iTs.aoo) 
210 FnWM,AT(» ORDER OF Br^ FUN NES.PROGRAM STOP») 

GOTO 1001 
10  WRITE (ITS,300) „   ^^„r,.,  ' 

300 FORvATO ARG OF BFS FUN Ntü OH ZFRO,PROGRAM STOP») 

• '  GOTO■1010_ ■ 

400 FORMAT (^ACCURACY OF «FS FUN NOT OBTAlNEO.PROGRAM CONTINntS») 
GOTo 10 

SO '<RITE(ITS,SO0) 
50Ö  FnR'.iAT(» RANGE FRpOR IN BtS FUN. RANGE AOJUSTEO») 

GOT'l 'lü ' 
HOO-STOo ■:'' ■ 
. " . END ■■■'■ 
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B.15    Function BESJ 

SIRiOIITT-iF   ^FSJIX.N.s.P.n.ItRl 

\y\ 

10 

IS 

20 

?5 

30 

35 

«0 

«S 

50 

55 

61? 

65 

70 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

!C:., 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

r;UfiROIIT'TNIf   B^S i 

° ^CO^PtlTE THE J BF^SEL FUNCTION FOR A GIVEN AHGUMtNT AND ORDER 

nSHGF 
C«l L 9FSJ(X.N.a,l,n.lt.R) 

nESCRtPTinN  OF  DftoÄMETtHs 
X     -THF   »QRiiMFMT  OFTHF   J  flESSEl.   FUNCTION DESIRtU 
N     -THE  OoncR  OF   THE   J  BESSEL  FUNCTION  DESIRED 
H.)  -THF   RF.SilLT&MT  JbES^EL  FUNCTION 
D     -REOUIRFn   ACCURACY 
IF!?-»ESULT»-IT  ERROR  Cont  INHERE 

TER=0  No FROnp 
IER=1  N IS MEGATIVE 
IER=2  X IS NEfiATIVE OR ZERO 
IFR=3  RrOUTRED ACCUHACY NOT OBTAINED 
jERr:*  P»Nr,r OF N COMPARED To * NOT CORRECT <S£F REMARKS» 

H  MUST BE r-,DE»TER THAN OR FOUAL TO ZERO. BUT IT MU«;T BE 

LFCi?oIlO»x-X»» ?/■(   FOR K LESS THAN OR EOUAL TO Is 
qn,X/2 FOP X r,REATFR THAN 15 

qUHROMTINES «NO FUNCTION SUBPROGRAMS REQUIRED 

NOME 

'" TRFrilRRFNCE RFl «TTON TECHNIQUE OESCRIBEO 8Y H. GOLDSTEIN AND 
R..«. THALER."RECURRtNCE TEcHNIOUES FOR THE CALCULATION OF 
BF<;SEL FUNCTIONS".MiT.«.C.*V.13.PP.i«Z-l0fl ANU 1»A. 5TEGUN 
ANn M. A8OAM01.ITT7."GENERATION OF BESSEL fUNCTIONS ON HIGH 
SprEO COMPUTERS".M.t.A,C..V.11»I957»PP.255-257 

fl l=.0 
IF(i)10.'n.20 

in IFBII 
RETURN 

20 IF(y)3U,10.3I 
30 IFS=:2 

RfTuRN 
31 It (i(-l5.)l?.32.:*'i 
37 ^?-;<;T=?0.»10.«X-X»» '/3 

(io TO 3ft 
34 HTF^lstli,*»/?.. 

■36 lF(n-HTE'=T)'>0.3fl.l8 
3ft rER=* 

N=NTEST-I 
«OTn 41 

40 IFR^O 
41  Nli«M 

flORrVs.O 

COMnUTE ^TARTINR «AlUF OF M 

IE(y-S.>";0.6l)«6q 
50 Mi=y»6. 

RO TO 7») 
60 MA=!'.4»X»60./X 

70 Mt1^^l•IFTX(«)/'»♦? 
M/F^OaMf «(l(MA»MrM 

SET UPPER LIMIT OF M 

MM«X»NTFST 
10P 00 '"J" MüMZERO.MMtX.T 

I 

■ 

oiii3o; 
Ö11140 
Ö1II50 
Ö1II60 
011170 
Ö11180 
OUl^O 
011200 
Ö1I210 
011220 
0112301 
Ö11240I 
011250 
6112601 
611270 
0112801 
Ö11240 
Ö11300 
011310 
Ö11320 
011330 
Ö1I340 
011350 
011360 
011370 
0113HO 
011340 
011400 
Ö1I410 
01142© 
011430 
Ö1I440 
011450 
011460 
011470 
011480 
011490 
011500 
Ö1I510 
Öl 1520 
011530 
011540 
011550 
Ö11560 
011570 
011580 
011540 ; 
Ö11600 
Ö1I610 
Ö11620 
011630 
011640 
011650 I 
011660 ' 
011670 i 
011680 
Ö11640 
011700 
Ö11710 
Ö11720 
Ö11730 
01174« 
011750 
011760 
OI1770 
011780 
Ö11790 
011800 
011810 
011820 
011830 
011840 1 
01185« 
011860 I 

184 

ssMMmäMBSSMMMMMMSiM _J _^^. ___„^ 



 —-Jl».....,  T!....™..JW„,.„.  .M...........-».»».....««,-,,.....,..-. • 

g; 

75 

SO 

85 

90 

95 

luO 

»05 

c 
c S>iT   F(M).F(M-I) 
c 

P"Ui.OF-?a 
FM=.0 
4LD«»=.0 
tF("-(M/')»2) 12'U1T0.120 

110 )T = .l 
•-,n TO iv 

120 . IT=1 
130 

no i6n K=I.M? 

fl»<K=2.»F| OAT(MK)»rMl /X-FM 
F«=rMI 
FMl=e(MK 
tF(..K-N-nl50«l'»0.1S0 

»«•n R IsaMK 
150 IT = .JT 

160 »|,DMA = »L,'HA*BMK»S 

HyK = ?.»F'M/X-FM 
IF(MM80.170.1dn 

170 q |=oMK 
190 »LD^A=»LnH&*HMK 

il Isn J/Al. OHA 
IF (.8S mi-RPREV)-«HS (n»RJM 200.200.190 

190 HORrV=R 1 
IFP = 3 

•?on '^FTMRM 

ÖJ187Ö 
Ö118R0 
ÖU890 
011900 
Ö11910 
611920 
«11930 
Ö11940 
Ö11950 
ÖU960 
0119701 
011980 
61199(3 
612000 
612010 
012620 
Ü12Ö30 
«120<t0 
612650 
612960 
612076 
Ö12Ö80 
612690 
612100 
612110 
612120 ' 
012130 
612140 
612150 
612160 
612176 
612180 

B.16 Subroutine GETDATA 

i 

10 

IS 

2C 

25 

30 

SHROOUTTME; GFTD,n»(n»T»TN»NV.UN.10UTl.lOUT2.IINl.ISI^t 

C TMF'MM' PHP^nSE OF TMIS SUflRÜUTTNE IS TO INPUT CHARACTER STPING OR 
C "'MEOTCM. OAT» IN A larOMwFOSAllONAL« MODE I.E. FOR INPUTTING DATA 
C TO P^omAMS qFIMG RUN UMOE» INTEPCOM. 
C IT ALSO MAY *F USED FOR PATCH PRntESSlNG-lN WHICH CASE THfc UATA 
C SHOUIO APPFAn't, VALUFs Tn A CARD. DATA WHICH IS NOT TO BE CHtNGED 
C sHOUl 0 "t   »FDLACFD MY 81 AMKS. FOR BATCH ALL OR SOME Of THE OATA MAY 
C HE OFFftMLTEO HY USlMG AM FOR AFTFH THE LAST DATA TO BE INPUTTED. 
C THF StWr.OUTI-iF ASSUMES TMAT Otf AtlLT v/ALUES HAVE BEEN ASSIG^En 
C iHn  WTLI PRTMT OUT THFSF QFFAÜLT VALUES BfFORE ASKING FOR ÜAT* INPUT. 
C TT ASKS FOR k|Fw VALDFs RY PRINTIMG OUT THF »tNAMESi» OF THE DATA AND THEN 
C ^KTPoTNr. « LINE. VAIJIrS TO RE ASSIGNED TO THE NAMES SHOULU BF 
■ rNTERFQ STAPTING IN TME SAMF COLUMN AS THF START OF THE NAME.   
(TFACH OATIH tS ASSIGNED IÖ COLUMNS AND OP tQ 6 ITEMS MAY Bt luPUTTED 
C IN A SI-iGLES ROW. 
C ^R^,u■^FNTS^••»»••••*•<••»•»•••••• 
C nATAIM  (DIMFNSinM (N«.-»» WHERE NV IS THE TOTAL # OF DATA 
C    TO Rr INPUTTED) 
C nATAIM MOLDS THE FOLLOWING INFORMATION ABnUT EACH DATUM- 
C MAME.WAI ÜE.CODE WHERF- 
C NA«E => NAMF RY WHICH THF DATUM lb IDENTIFIED TO THE USER <lT MAY OR 
C M/\Y WOT HE FOIIAL TO THE FORTRAN VARIABLE NAME TO BE ASSIGNED 10 THE 
C  ii A TU vi. t 
C   v/ALUF   =■>  MUMFOICAL   OP  CHARACTER   STRING  VAl UE  TO  BE  ASSIGNEÜ   (THE  DATUM) 
C  CODE  =>  Hoi«  THF  OATU«   IS  TO  Bt   IMTERPRETEO 

C -I   s>   CHARACTER   STRING 
C        0   =>   INTEGER 
C   ]   -■>   rLOATING POINT NDMRFR 
C MV TOTAi NIJMnFR OF DATUM TO Bt INPUTTED 
C llN FTL^ »'O. FOR INPUTTING 
C IOIII1 PnHABv OUTPUT FlLF 
C IDUT? SrCONOSRY OUTPUT FILE 
C TSIZF =>  ST7E OF FIRST DIMENSION OF OATATN 

612190) 
Ö12200 
Ö12210 
Ö12220I 
6122361 
Ö12240 
Ö12250 
Ö12260 
612276 
612286 
612290; 
6123061 
612310' 
"12320 
612330 
612340 
612356 
612366 
612376 
612380 
612390 
Ö12400 
$12410 
012426 
612430 
612446 
Ö12450 
612466 
612470 
612480 
612490 
612500 
612510 
612520 
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35 

4fl, 

*•:■> 

Sb 

55 

65 

T) 

75 

Si; 

85' 

^5 

100 

105 

110 

^■Oil 

^n co 

non 

i'.on 

vrfo 

1-20 

l'>30 

in«»" 
no 
1!5Q 

1,-55 

;TT I n 

110; 

,1,120 

1^70 

i qQ 

l^D 

1100 

1110 

loO 
1080 

OTUrMsin"   PATArodST'FT) .-1A_<6) 
GO« lON/S-NSE/II^MM'inUTNN'INDlCC 
IMTcQpa   riÄTAIN.- 
F«Tc-»NS|     SSWTCH 
CAl.l    EPR^KTCKÖUHT.P-IKPC) 
Kail'iTl^KOUNT 
IFIrNhlC.Mf.O)   :;,dnV?)0 
1^ = 2 
IJ, = " 
L=,T\iOIG-i 
nntn toss 

MTHUF 

I9«-I 
inoi =00 O'10000 ÜÜ'iOfi.O'» 006530 

TTKi'-tlsi=nM 

Tnl^MN=I'i|ITl 
I:li,H-T = Ini|Tl 

"L:|,N?wTr.H(lINl.tS.l->V10t(«tÄD   DATA    .SMFILt-).RETUHNS(U)bO) 

IF    (isn   .FD.    11    l3n.IP^O 
WPT-^E   (T-iilTl'.17l   tTMl 
,)F:vt%)    T1M| 

ocnr.diM,)    DATAIN 

IJFWTMH   TlMl 
IF (toFniMin  Hoflvi.?'^ 
wt-M'EdnMTl iSt)    IiNl 

ml   s'swTr,H(n.I^W'..1.1nnFFAULTb   L.SrilSTEÜ) ,K£TURMS (1Ü6Ü ) 

iVilswi  .ME.   n   r,OTO  iict) 
wo|TE(irvrM.n 
:n  >lo  l-I.N« 
TT=fSI?F»1 
TT1-I 
IIP^IltT^T/E 
T^   fDAT«TM(n2)>   i05i,lo3Ü.li'«Ö 
"loiTEIlonTtV?)   OäTATWIIT) •UATAINIII 1) 

r,i->Tn   11" 
»ibltE   (nilTT.3)   niTiTM'TI''OAlAlMlTIll 

r,riTn   110 
»IOTTEMUMTT.«')   IIATAIMHI) «UATAINIUD 

CON^IMUF 
inT-i   (11^0.11301   TS-I 
Cdl i    srwrrH(0«l<v'lc;'10HM(iMt-VALüE.5H  MoOE) IHETURMS(1U60) 

IF '(ISWS   .FQ.   11   i?-'n.l05U 

l. = l :,.:.■.•,., 
I5Wr2 

L=L*LL 
It   it   .GT.   MV)   Anrn   10^0 
'.(UITE   (TnUTl'lHl   nATnTM(ISlZF*LI 

Li-' ■ ■■ ■, . ■,„ ■■: . '.■;■■■,■, 
nn '00 ,i=i •& 
ISC i) = l'n 
cnMTlHUF     ,. 
RFSndlM.lO)   Hi (j) .,1=1.6> . 
IF, (EOF(MM)) ■nPn.tnvn 

IMniCC=l 
r,mo lOfto 
IF   (U(ll   .EO. 
nn 'no  i-i«fe 
nn '8o K-i.io 
IF    (M»firTX(IA(JI .K.n 
cnNTlNUE 
on v9C 1=1.b 
ip=L*:.ifj ,, 

F-n*TA!M,'Ji:'»?,i5i"'Er 
IF   (F)   Ipt'D«! 100.1 no 
IF   ,IH{1)   .MF,   rH| AMK1   nEUOOEUO.ll.IMJ))   UATAIN(JHV 

r,nTA   1010 

lFL'(I«('.n   .NE.' iBiAMK)   nECODEtlü.l?.IA(J))   UATAIM(JH) 

GOT-   1000 

IF  'ilMJI   .NE.   TBl.ÄMKI   DECODE(10.13.la(J))   ÜATAIN(JW) 

r,nTo  10^1 
CO^TIMUF 

Ll= 1  ■   •    ■    ■ 
IF(tNnic.MF.O)   I L = lOO0 
IF   (Kni)kjT   .EO.   KOilNTH   ROTO   1055 
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IRl An«-)   GOTO   1U55 

.FO. inOL) GOTO 1270 

012530 
ö12540 
012550 
Ö125b0 
512570 
0i25R0 
012590 
Ö12600 
Ö12610 
Ö12620 
Ö12630 
U^b^O 
012650 
Ö12660 
Ö12670 
Ö126H0 
0i2M0 
012700 
Ö12710 
012720 
012730 
012740 
Ö12750 

012760 
Ö12770 
0127HO 
012790 
012800 
Ö12B10 
012R20 
512830 
012840 
Ö12850 
012860 
012870 
Ö12BR0 
012890 
012900 
Ö12910 
012920 
Ö12930 
012940 
Ö12950 
Ö12960 
U12970 
Ö129R0 
012990^ 
013000 
013010 
013020 
Ö13030 
013040 
Ö13050 
Ö13050 
Ö13Ü70 
Ü130H0 
013090 
013100 
Ö13110 
ÖI3120 
Ö13130 
Ö13140 
013150 
013160 
Ö13170 
013180 
Ö13H0 
Ö13200 
Ö13210 
013220 
Ö13230 
013240 
Ö13250 
613255 
013260 
013270 
Ü132H0 
013290 
013300 
013310 
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115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

1?70 
1?S0 

1*0 

1130 

lo»1; 

no 

1160 

1170 

160 

1180 

1)90 

1?«0 

1060 

M30 

''■•I .■■■ 
2 
3 
4 
5 
6 

;■. 7 
: e 

lo 
11 
1? 
13 
14 
1* 
16 
17 
1« 
2-« 
24 
21; 

i<OÜ>lTl=Kol)MT 
«Qt^EdOIITltZSI 
WRITE(I0UTI»23) 
lyolTEdOilTI.fl» 
no   '50   1=1.6 
I4(T)=lOH 
CONTINUE 
^«OlIIN.tO)   II/>(T>«T-1.6I 
IF   (EOF(TIN))   mi.inRB 
INOTCC=l 
«OTA   1060 
TI=TA(il 
IF   (II   .FO.   IBL1NK)   r,nTn   IU60 
00   l3o   1=1,M« 
J=I.ISIZ^ 
IF   (II   .FO.  nAT«Iw(l))   ROTO   1160 
CONTINUF: 
*PITEMOMT1.16) 

inTo  127D 
F=n«TAiM( )*ISIZF) 
.1.1= I-ISI7E 
IF   (F)   n70»1180.1IQfl 
00   160   I-!?.6 
IF   (14(1)   .EO.   IBl.AMk)   ROTO   Iü<.0 
DFCnOEdO.ll.IAdi) 
CONTINUE 
r,OTo 1240 
CALL  OJUSTdA^U 
OFCoOEdO.lZ.IAl?!) 
OOTO I2i,n * 
C«Ll    PJU<;TdA(2)) 
nEC'iOE(lo.l3.IA(2i) 

n/VT»IN(J.I*I-?) 

OATAINUJI 

nÄTAIN(J.I) 
S'F   (KOUNT  .EO.   KOHNTl)   ROTO   (1250.1310)   ISW 
KOU'.|Tl=KOIINT 
ypiTEdoiiTi.?5) 
r.oTo 12so 
WPITE   dOUT1.14) 
IF   (IOUT?  .EO.   0)   GOTO   11J« 
^9ITE   (TnUT2.15) 
lOUTT-IbiiT? 
ISN=2 
OOTo  114ri 
IMOTCSINOICC 
RFTHRN 
F0B>"AT(/.»  THE  nEFAlll.T   INPUT  UATA   ARE») 
FOH"ATM».A10•»s«»«A10••«•) 
FORMAT(1X.A10«»=».110) 
FOR>'»T(1X.A10.»=»,G1A.6) 
FORMAT(///) 
FOR'<AT(/.»  ENTE»  OATJ.   START   IN  COL.   PENEATH  START  OF  NAut») 
FORMAT(8y.6A10) 
F0R->AT(BX.)    .    ' 
FOR'.'AT(6»10) 
FORMAT(AIO) 

FOR'«AT(H0> 
FOR-AT(FIO.O) 
FORMATI/,» DATA IMPOT COMPLETt») 
F0R"AT(A» THE INnUT OATA VAl.UES ARE»./) 
FORMATTIX.» TRY Ar,ATM») 
F0R,.'AT(/.1X»» REAnlMr, OATA FPOM ».15) 
FOR"»T(ly.A10.»-»> 
F0RMAT(8X.»NAME VALUt....*») 
FORwATdX.» FILF».I^.» IS tMPIV») 
FOR'tATdX.» WRONO OATA TYHt-TKY «GAIN») 
END 

0133R0 
013330 
ÖJ3340 
013350 
Ö13360 
ÜU370 
013380 
013390 
Ö13400 
013410 
013420 
013430 
013440 
013450 
Ö13460 
013470 
013480 
013490 
Ö135Ü0 
Ö13510 
013520 
013530 
OUS'.O 
013550 
Ö13560 
013570 
Ö135R0 
Ö13590 
Ö13600 
013610 
Ö13615 
013620 
013630 
Ö13640 
Ö13650 
Ö13660 
013670 
Ö136R0 
013690 
Ö13700 
Ö13710 
Ö13720 
013730 
013740 
0137SO 
Ö13760 
013770 
A13780 
Ö13790 
Ö13800 
Ö13810 
Ö13820 
013830 
013840 
Ö13850 
013860 
Ö13870 
Ö138R0 
013890 
013900 
Ü13910 
Ö13920 
013930 
013940 
Ö13950 

1 

W i 
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10 

15 

20 

25 

30 

B.17   Subroutine PRT 

SIIB^OUTIME   PRTMUF.MODE.ritlT'HP.NP.MsKJP.NSKIP.RHpPli 
♦ T^LrpHO t VMIM • DEL ■/. X 1T . 11. TR • T . T 1 6) 

nfMc-NSIOM  P<100) .nlJF(l) .D<ü) 
DA:f« :TT/O/ 
IF (ITT .F.O. IT) ROTn 100 
^PITE(lT^.l) TR.T 
on i30 1^1.MP'MSKTP      , j v 
fiOTn fiin.lZO) "lOnE 

no tHii*,'Hopi»OELfHn*n-n 
GOTn !30 

1?0  Pdr VMlM*OELV»(I-l) 
no cnNfiNUE 

fiOTo (170.1B0) MOnE 
170  WBlTEdT«,.?) (R(T1«T-V'MP'MSK1P>  • 

GOTn 100 
1R0  HOITE(1T<;.3) (R(I).r=l,MP»MSKlP) 
10Ö  TOTn (U0.150) MOnE , 
140  EMCiDE(?1.'»»D) XlT 

fiOTn 160 
l^O  EMCiOE(?n.51n) n 
UÖ  TF (MOO(Tl-l«NSKIa) ,EO 

♦ (RUr(J). l=ltMP.MSKlD) 
ITT=-IT 

IflOO RFTHRN f| 

2 
3 
4 
5 
6 

0)   HKITE(TT6.6)   U. 

Ff)RMAT(//«   T1ME(SFC0MDS(=  •Glü.'t» TAU=  »GIZ.*/ 
 ») 

FOR"AT(/»   1NTENSTTIFS  EVALUATtD   4T  RHn-PRlMt»»/(5X.5Gl3.c;)) 
FOR><AT(/»   INTENSITIES  EVALUATtD   AT   V=»/(5X.bG13.5)) 
FOR'/iAT(» X= »611.S) 
FORMAT«» U= »Gn.P) 
FORnAT (/'»lO/fSx.sGT'l.^)) 
EWfl 

015000 
Ö15O10 
Ö15020 
Ö15Ö30 
ÖlBÖ'.O 
Ö15Ö50 
ÖlSÖftO 
ÜI5Ö70 
öisoao 
ÜISÖ^O 
Ü15100 
Ö15110 
015120 
Ö15130 
Ö15140 
015150. 
615160 
Ö15170 
015180 
015190 
015200 
Ö15205 
Ö15210 
Ö15220 
015230 
Ö152'.0 
Ö15250 
Ö15260 
Ö15270 
Ö15Z80 
Ö15Z<10 
Öl 5300 

i 
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Appendix C 

The Evaluation of l'(u,0,t) and l'(0,v,t) Used in the IKIRKP Option 
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1.   INTRODUCTION 

Consider the circumstance when the temperature distribution is constant 

throughout the window but is a function of time only, viz, w(t).    Then, returning 

to Eq.   (16), Volume I, we see that: 

r2 

Fl(p,t) =    /       w(t) d? = (gg-S^wW =w(t)L/a =Fl(t). 

In a similar fashion, Eq.   (17), Volume I, becomes: 

F2 (P. t) = p"2   f   dp pL w(t)/a = L w(t)/2a = F2(t). 

Equation (18), Volume I,  simplifies to: 

$7(p,t) = aÄTc   [sj' w(t) L/a + 4 S^ w(t)L/2aJ 

Lw(t) ATc [sj +2S2
T] dY(t). 

2.  EVALUATION OF l'(u,0,i) 

For the condition v = 0 and u arbitrary, then J (0)=1 and   lim   J.(pv)/pv = l/2, 
^  0 v-^'O'     *   • 

Equations (25-27), Volume I, reduce to: 

fz(p.0,Jt)  = p [exp(ikdp) - exp (ikde)J /2 =  pA1(t)/2 , 

fx(p.0,t) = p exp(ikdP) - fz =  pA2(t) - pA1(t)/2, 

f (p,0.t) = p exp(ikd9) + fz = pA3(t) + pA1(t)/2. 

Then, from Eq.   (23), Volume I, . 

' ■■,     -2 1,   }   ■'•. ■   I 
I'faAt) = 2a4(l-exp(-a2))       | j    exp(-a2p2) exp (-iup2 / 2)(pA2-pA 1/2)dp| 

'   b 

1 I 
+   1 T  exp (-a2p2) exp(-iiup2/2) (pAg + pA1/2) dp| 
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I'^u, 0,t) =.2o;4(l-exp(-a2)) (Ar -Aj/2)    j   , 
2   2X„._/ .    2/ exp(-a p   )exp(-iup /2)dp 

+ |(A„+A  /2)   f   pexp(-a2p2) exp (-iup   /2) dp 

Expressing the integral in terms of sin and cos, we find: 

f  pexp(-a2p2)exp(-iup2/2)dp = J p exp(-a2p2) cos{up2/2) dp 
Jo     ;^V •'o 

1       - 
/9    9 2 

p exp (-a p   ) sin (up   /2) dp . 

Let a = -a2, b = u/2 and y = p2 to get: 

ii u eay cos by dy - i-     |    eay sin by dy = |- 
1 I ea(acosb + bsinb) - a 

2 ,,2 a  +b 

i   \ ea (a sin b - b cos b) + b  | =   « 
J      2—72 4' I a   +b 1 

Thus, we get the final result: 

■   -2 1  • -^ ^ 2 ■ ■ 2 

l'(u,0,t) = 2a4(l-exp(-O
2))       1 (A2 -A ^2^1    + | (A3 + A ^2) A4 | 

3. 'EVALUATION OF l'(0,v,i) 

Consider when u = 0 and v is arbitrary.    Then, 

2  2 
f   (p) = exp (-0 p   ) w 

fz(p,v,t) = v'1 J1(pv)A1(t) 

fx(p,v,t) = pJo(pv)A2(t) - fz 

fy(p,v.t) =pJ0(pv)A3(t) + fz 

 ^.  ^..^   ...■-...■.... ■ -      ■  --■■    ■■■-* 
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Inserting these functions into Eq.   (23), Volume I, the integral terms,become; 

1 
/2   2 -1 p Jo(pv) exp (-a p   )dp--A1v 

o. 

/   J:.(pv) exp (-a p   )dp | 

+     A. f p Jo(pv)exp(-ff2p2)dp +A1v"1   T J^pv 2  2      -1 ^ ) exp(-a p   ) dp | 

Thus, the integrals to consider are: 

/P   p. _ i      A 2   ? 
pJ  (pv) exp(-a p   ) dp   ;    v /   J1(pv)exp(-a  p   ) dp 

o o 

Let y = pv and obtain: 

M 
v"     J    yJ0(y) exp(-of  y /v ) dy;   v"     J   J^y) exp (-o y /v  ) dy 

o 

In order to perform these integrations,  consider a polynomial approximation 
nop 1 

to exp {-a y /v ).     On p.  71 of Abramowitz and Stegun,    various approximations 

to e"x are given, valid for the domain 0 ^x < 0. 693.    They all have the generic 

form:   e"    =;: l+ä-x+a^x +aoX +     Since 0  y /v   is a maximum at y = v (where 

p  = 1) fpr any value of v, we get the condition that 0 <o'    < 0. 693.    Using the poly- 

nomial' approximations mentioned above, the typical n-th term from each of the 

above two integrals will have the form: 

2n   -(2n+2) a a     v n 
f    2n+l T / v , 2n   -(2n+2) 

J   y       J0(y)dy; a a    v Jy2n   J^dy- 
o 

1 2 On p. 480 of Abramowitz and Stegun   or p.  51 of Luke,    we find: 

2n+l (2k+l)(-n)1 
T2n+1, >_   f     2n+lT   , ^       v^+1    V    K^_^Z^ 
Ji <v) = j     y Jo(y)dy    "IS+T   2^        (n+2), 

0 Jo k=o k 

J2k+l(v) 

1. Abramowitz, M. , and Stegun. I.A., Editors (1964) Handbook of Mathematical 
Functions. National Bureau of Standards. Washington, D. C. 

2. Luke. Y. L.   (1962) Integrals of Bessel Functions. McGraw-Hill Co.. New 
York.  "" 

'iäSSmiiA 



        ■..  ■'■■'.". ■  

(2k+2)(l-n)L /v 2n    ^V   (2k+2)(l-i 
J2k+2(v) 

(n^O) 

and 

J   J^y) dy = 1 - J0<y) 

where: 

(a)o = l 

(a)k= a.(a+l) •  (a+2) ... (a+k-1) 

Since (-n).   = 0 for k = n+1 and (l-n)k = 0 for k = n. the series terminates. 

The above results have been coded in a function subroutine JI (i, n) which 

returns J 2n+1 (v) if i = 0 and J.n   (v) if i = 1.   It uses the IBM Scientific Subroutine 
lo 'l' 

BESJ to compute the ^k+l^' and J2k+2^v'' 
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Appendix D 

Fortran Listings for the Main Programs in the Alternate TIKIRK 
Package Containing All Three Options 
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z^v 

10 

15 

ip 

25 

30 

35 

45 

5C 

55 

60 

ft5 

70 

D.I    Modified Main Program TIKIRK 

Oijo-.RAM   rtKTRM r AoEi^ftS.TAPE^ = ft5.TAPF3=blJ. TAPE7 = 51 J. tAPcö=S 13. 
♦ TAO-6=6S.onT0UT = f,-) 

THIS  D-jnGBAM  CAN  BEST   clc  nfsCRlBFU   As   THE   I/O   INTERFACE  FUK  FUNICTION 

= UrtWnilTTNE   TflUK   WHICM   nMDijjtb   THt   KlPKHnFf    IIMTENSITY   HJNCTTUN   AS 
nESC^TRFD   IM   AECPL-'P-OSf.S. 

i-iF TNOüT FALLS INTO THRFE CLASSES* 
11    IMDIIT HAi/IMG   TO   Or.   .1TTH   PHUPFHT1FS   OF   THE   WIMDOW   MATEKlAl    AND 

THE   I AS^H HrAM.NAMEi Y't   (nMA^TlTIFb   Cr,S   UN| ESS   OTHERWISE   INUlrATED) 
sir,   "     ■■> WMJIE   OF   STG-(4   IM  ÜAUSSIAM  BEAM 
I AMHOA   => WIUELENGTH   OF   THE   LIGHl    B^AM   I>.|   MICHUNS 
oW -■> TOTAL   BEIM   Pn.lFR 
S => '.itNOOW   Rf.nTl)1: 
r^ExA => RULK   ABS'IP^TTOM   COtfFTCIEMT 
K _>   THERMAL cfHiniirTiwtt* 
MX => l-iOEX OF RPF3ACTT0N 
SIP => S ~I(8-I«StlO-OHfl 
SIT -> S SIIB-1 »tllo-THFTA 
S2P -> s SUB-2'»si-|o-OHn 
S2T => S SUB-2«SIIO-TMP:TA 
T -> TTMF AT »'HTCM IKtRK IS TO BE EvALIJAILO 
21 INIPMT HAWIMG TO On MIT-H Tit EVALUATION DOMAIN OF THE eUNrTION 
^IRK,N%MF;LYV 

xc  => causslA'» c-0r«L DIslAwtE (METEoS) 
«1 

RMOol 
RH0O? 

TIM 

= ■> MJNTMU« Y-WALUr f OR HJNcTION EVALUATION (MtTt-KSi 
= > MAXIMUM Y-VALIIF ^OR MJNrTION EVALUATION (METtKS) 
= > MINIMUM RAriKis VALUE FOR FUNCTION EVALUATION 
= ■> MAXIMUM RAOTHS VALHt FOR FÜMCTI0N EVALUATION 

= > NUMBER Or FVAIJIATIOM POINTS IN THE RADIAL DIRECTION 
= > MIIMBEW (IF   FVALUATION POINTS IN THE AXIAL (X) UIctXTlON 
= > ARRAY Mio jr,   lo) OF UMF VALUES FOR FUNCTION EVeLUATION 

(TIME VALUES SuOui..n BE IN INCREASIMG SEQUENCE) 
UMIM  =■> MINIMUM M-VALUF ^OR HINCTJOM EVALUATION (SEE MOnt) 
IJMAV  => MAXIMUM II-\(ALIIF hOR »-UMnTION EVALUATION 
yMfy  => MINIMUM «-WAt-Uf f OR FUNCTION EVALUATION 
VMAv  =■> MAXIMUM \/-\/ALUF EOR FUNCTION EVALUATION 

3) IfnoUT HM/ING TT 10 WITH RHOGKAM CONToOL.NAMELY* 
FOSI  s> ERROR i/Al UP FOR INTERPOL AT IOM OF THE TEMPERATURF 

FUNCTIOM OUTollTTED RY TFMPS AND INTERPOLATED BY IBM SCI. SUb. ALI. 
MINT  => NUMBER OF TFMDf-RATliar FIINCTInN POINTS TO Bt USEn IN 

THF INTFROOI ITIDN (IIFFAUI T=6» 
IDRMT => IISEO Ti COMTPOL DEBUG OUTPUT (1 CAUSES DEBUG OUTPUT) 

(? CAUSES WTMOOW TEMHEKATURE DISTRIBUTION SU1fAuLE FOR 
DISPLAY TO HE OUTPUT) 

MGAnS => NUMBER OF FilMCTION VALUES FOP GAUSSIAN INTEGRATION 
MOOF  => IF MOOF=i THEN THE INTENSITY FUNCTION IS EVALUATHO AT 

CQIII-SPACED < AND RHOD-noIMF VALI,tSI IF MODE«2 IT IS EVALUATED AT 
FOIII-SPICED N «NO V WAL'IFS. 

IP    => IF 1 USF TKIRw, IF t  USE IKIRKP 
(NOTE THAT IKIPKP SHOULD ONLY BE USED ON THE AXES 
FOR CONSTANT TEMPERA IURF WINDOW) 

ALL THE ABOVF MENTIONFD OATA IS OBTAINED RY TWO CALLS TO IWE 
TNTEDSCTIVE INPUT SMRonilTINF GtTOATA DESCPIBEÜ IN PML TM-i«>. IN THE 
FIPST CALL AIL DATA IN THE FIRST CATEGORY IS OBTAINED. IN TMF 
SFCQNO CALL ALL DATS IN THF btCONO AND THIRD CATEGORIES A«E 
ORTAINEp.  AN FXCEPTinN TO THIS IS I? (CONTROLS USE OF 
IKIR< AND IKIPKP) WHIrH IS OBIAIMED ON THF FIRST CALL TO GETnATA. 
FOR A i ISTIJ-'G OF DEFAULT INPUT OATA IT IS RECOMMENDED THAT 

C TlKlR* oE RUM INTERACTI"FLY UNOEP INTERCOM AFTER GIVING THE COMMAND 
C CONNECT(TAPEA.TAPES). 
C THE MAIM OUTPUT OF mlRK IS A SEUUEMCE OF UNFORMATTED RECOROS 
C OF INTEMSITY VALUES WTT« CORRESPONDING DOMAIN VALUES. EACH RECORD 
C CONSISTS OF THF EOLLOMIMC, SF0ÜENCE OF VALUES« 
C oECORO MO., NIIMBEPIMPI OF INTENSTIY VALUES IN THE AXIAL DlREcIION. 
C ««IAL C-.ORDIMATE X OR U. TIME VAI UE (T) IN SECONDS. NUMBER (MP) 
C OF INTENSITY VALUES IN THF PADlAl DIRECTION. MINIMUM RADIAL 
C COORDINATE RHOP1 OR WMIN,. MAXIMUM RAnlAL COORDINATE RH0P2 OR 
C VMAX. MO TNTFNSITY VAlUFS. 
C FOR EACH VALUE OF T. MP PECOROS ARE OUTPUTTED CORRESPONUINO TO THE 
C NP X EVALUATION POIMTs. THE RECORU NUMBER HUNS FROM 1 TO HP  FOR 
C FACH TIME VA| UE. r, ^ 
C THERE AOE SIX FILES ASSOCIATED WIIH THIS PROGRAM (NOT INCLUDING FILE 
C lilOUToilT?). THE FILES ARF REFEHHEO TO IN THE PfWGRAM AND ASSOCIATED 
C sURRouTrNES AS IT3.lT4.TT5.n6»IT/.IT8. THE FILE VALUES A^E iN TURN 
C ASSIGNEr, TO THE USUAL FORTRAN PTAPEN'« BY A DATA STATEMENT ANn PROGRAM 

Ü00100 
O.iOllO 
ÜU0120 
Ü00130 
ÖU014Ü 
0^0150 
OiOIfiO 
ÖJ0I70 
Ö iOlSO 
ojono 
ä-.'0200 
Ö.IÜ210 
ÖU(J220 
Ö0O23O 
ÜÜ0240 
ÖJ02S0 
ÖÜU260 
Ö1J0270 
000280 
ÖJ02'>0 
UUÖ300 
ÖI.I0310 
ÖV0320 
000330 
ÖIJ0340 
5üÖ350 
Öo0360 
000370 
5ÜÖ3B0 
Öu0390 
ÖO0400 
ÜU0410 
000420 
000430 
0^0440 
0ÜÖ4S0 
ÖÜ0460 
000470 
5110480 
01)04^0 
ÖOOSOO 
ÖÜ05IO 
01)0520 
ÜÜÖ530 
ÖÜ0540 
000550 
ÖüÖSftO 
ÖÖ0570 
ÖOÖSBO 
ÖU0590 
SÜÖ6O0 
.000610 
550620 
000630 
ÖÖ0640 
ÖÖ0650 
Ö00660 

0ü0670 
ÖÜ06R0 
ÖIJ0690 
ÜU0700 
000710 
ÖÜ0720 
ÖÜ0730 
000740 
ÖÜÖ750 
ÖÜ0760 
ÖÜ0770 
000780 
000790 
Ouöaoo 
ÖÜQBIO 
OU0820 
ÖU0B30 

-   ^C|!^ r^S BLAMC.NÜT FIjUIED 
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B5 

100 

105 

110 

115 

120 

125 

13ft 

135 

l^O 

I'tS 

150 

C t;T4TFMFMT Sli^H THAT IT3 r=> T*tJF3.ETC. THi)S TO CHANGE THE 
C ASsOriATlON TT IS NECrSSARV TO CHANGF  EITHER OR BOTH THE UATA AND 
C DROGPAM STATrMRA'TS. 
C rHFSf: FILES SEOVE THE F(1i_Lnw!NG PURPOSES« 
C   TT3 =■> FII r nUTPUTT^D RY PROGPAM TEMP5 
G   TT4 =^ 'alMTFRACTIVF» INPUT ULE (SEE GETDATA) 
C   TT1; -■,   "DlMTfRACTIV/E'-s OMTPIlT Flit (SEE GFTOATA) 
C   IT'S =^ LISTING OF ftiL TMDHT PARAMETERS AND DEBUG OUTPUT 
C   TT7 => UNFOBMATTEn INTFMSIT» VALUES. ALSO MAT BE USED TO INSERT 
C   Iia => UNFORMATTED rE'iaERATURE UISTRIBUTlON VALUES 
C SUIT4HLE FOP DI^PLlY PURPOSES 
C       PnEASsiRMED DATs TM CATtGOBlES 2 ANn 3 
C TN AOOITION TO THE ftBoVF F«rTS. THE USER SHOULD BE AWARE Uf;   TWO 
C PROGRS'I «COMSTANTSlä. THF FIBSl UMUEfl THE UAKIABLE NAME NT IS THE NUM- 
C q-o or TIME VALUES RFOMITTEO. AT PRESENT THIS IS SET to lUi (THE 
C nlMENSIoN OF THE TIMF AODAY TIM), ALSO NOTE THAT ALL THE TIMF 
C n-FAIII T VALUFS APE 7FoO FXCEPT THE FIRST AND THAT THE PROGRAM STOPS 
C JS SOON AS A SUCCEEOIMG TIME VALIIL IS LESS THAN THE PRECEtUlMb 

C THFESFCoNo'-arnNSTANT« H£S TO UU WITH THE SUE OF THE RECORD OUTPUTTED 
C qV TFMPc. TM^ SUHROllTTNc PTAPt3 PtADs THE TEMPb OUTPUT UNDER THE 
C sSSUMDTtON TMAT ALL .«DAOTAL»! ÄRRA S ARE OF DIMENSION »2 AND umxIAU« 
C CRPAYS ARE Or niMEN--InN ??.SEt COMMENTS WITHIN SUBROUTINE RTAPE3. 
C THF iMTcNSUTV FUMCTIOw IKIR^ IS ntFIMEO EXPLICITLY AS A FDNCrlON OF 
C THE NONinlMEMSIONAL ./APIASLES U AMU V AND IMPLICITLY AS A fÜNrTION 
C nFNON-nlMEM^IONAL TI"E TAD THROUGH THE TIME DEPENDANT FUNCTjONS 
C PHI-THETA ANn PHI-RHO A^ OEFINED IN THE AflOVE REfERENCE. THtst 
C vfAPIAHLrS APF PASSED THPnllRH AN 6HG0MENT LIST. ALL SiPÄRAMtTERäl« 
C PEOUIOEO FDD EVALUATION OF TK1RK ARE PASSED THROUGH BLGCK COMMON 
C .PHIRLK. THFSE PARA 'FTEPS ARE« 
C   CS1P   -> r;*SlR (SFF IKIRK COMMLNTSt 
C   CS'P   => r»S2R       " . 
C   CS1P   => C»S1T 
c  CS'T  => ':»S2T     " 
C xs => STARTING ARGUMENT l-OB FUNCTIONS F1.F2 (SEE FUNGTlDN 
C nHI COMMEnTsi 
C nx => INTERVAL, nETWEEN tQUI-SPACED ARGUMENTS OF Fl.l-2. 
C NF => MIIMBFR OF VäillES OF Fi.F? 
C MNNT => MINT (SEE INPUT DATA» 
C F.PP => FPSl        " 

C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

F|(?0' 
F2(?0i 
HOLD 

A 
KE 
TLAST 
TNF«T 
IE'P 

IP 
MPl 
ISW 

X 
NGAUS 

HET* ARE EVALUATED 

)=> MOLDS VALUES OF Fl FROM TEMP5 
)=> MOLDS VALUES OF F2 FPDM TEMPS 
=> STORES PHI-THETA (PHI-RHO AND PHI 

SIMULTANEOUSLY) 
= > I/SQBT(?)/Sir, ( = ALPHA IN THE ABOVE REFERENCE) 
i=> -.lAVE NUMfl^R- 
=> STORES TIME VALUE READ FROM TFMP5 RECORD 

PAD 
NP1 

Cl 

Cl 
RFA 
RFA 
LOG 
DIM 
COM 
COM 

*F->( 
♦ RAO 
INT 

.. COM 

♦.Ml 
COM 

MCA 
♦ TAU 

= > 
= > (TRPOP MniCATOR FOR R1APF3 (INDICATES OUT OF RANGE 

TIME OR OUT OF SEQUENCE TIME) 
= > nFBUG OUTPUT «S'JlICH'ä 
= > =NF 
->   SWITCH FOo GAUSSIAN INTEGRATION. WHEN ISW'l THEN THE 

-VALUFS FOP GAUSSIAN INTEGRATION APE'FOUND. 
s => NUMBER OF POINTS USED IN THE GAUSSIAN INTEGRAHOM 
»NOTE THAT IS uGAUSS IS CHANGED THFN THE GAUSSIAN INTFGRATION 
CUHRO'ITINE MUST ALSO Bt CHANGFD..) 

=> WINDOW VAOIUS 
=>   NUMBER OF TFMPERATURF SAMPLES IN AXIAL DIRECTION 

(USED FOR OUTRUTTiNG DISPLAY COMPATIBLE 
TEMPFRATUPF DATA) 

=>   CONSTANT   TO  0IMFNS10NALI7E  TEMPERATURE  OAT* 

FOR  DISPLAY 
=>   fONSTANr  uS^n  TO  DIMEN5I0NALI7E  TIME  FOR 

I    K.TKIRK.LAMBDA.MX.KE, 
I.   IKTPKP.IKIRK) 
iCAL  S 

IFNSION  HUF (110) 
0M/TFILES/in,IT4.IT5»lTfi.IT7.IT8 

■ON/PuIBLK/CSlo.rs?R,CSlT.CS2T.XS.nX.NF.MNNT.EPP»Fl(ZnU). 
'00),HOLD.A.KF,Tl.AST.TNtXT.IERR.IP,MPl»ISW»NGAUSS, 
.NPl.r3.Cl.IERM,FPROBM 
FGER  DATAINdOm) .DAT A INI (100 «3) 
vON/RLOCK2/X0.xl.X?.RHOPl.RHÖB2,MP,NP.TIM(10),£Psl 

TEMPERATURE  OTSPLAlf 
MT.IcpNTtNGAUS.MODE.UMlN.UMAX.VMlN.VMAXtOUHIZO) iMSMP.NSKIP 

•JON/BI OCK1/ 
TT.I2.I3.U.IS.!ft.l'.M.N.Ml.NI,ICNT»lU.10tNO»N«»tlRUN. 

^D.lP^INT.IPMCmTTAP3.ITAB'nRH01.HHOl2»/E01»ZEüI2.0T*UOt 
X,TAUOFF.SIR  .O0.HO»    tPS,Gl(4)fH|(*),M*TER«NX»|*ETÄ. 

0U0840 
006850 
000860 
000870 
ÖU0880 
000890 
600980 
000910 
OÖ6920 
ÖÖÖ930 
ÖÖ0940 
OÖ6950 
600960 
000970 
0Ü098O 
ÖU0990 
601000 
ÖÜIÖIO 
Ö0l620 
0Ü1030 
ÖÜIÖ'tO 
6ui650 
601060 
&UIÖ70 
6üi6eo 
ÖÖIÖ90 
6üiioo 
6Ü1110 
ÖÜ1120 
601130 
001140 
6Ö1150 
ÖÜ1160 
601170 
601180 
601190 
OÜ1200 
601210 
6Ö1226 
6Ü1230 

001240 
6Ü1250 
6Ö1260 
6Ö1270 
ÖÖI280 
6Ö1290 
601300 
601310 
601320 
ÖÜ1330 
6Ü1340 
ÖÜI350 
001360 
ÖÖ1370 
601380 
6Ö1390 
6U1400 
601410 
ÖÖ1420 
091430 
6Ö1440 
061450 
661460 
OÜ1470 
001480 
ÖÜ1490 
601500 
Ö61510 
6Ö1S20 
061530 
6Ö1540 
001556 
6ÖIS60 
001570 
661580 
061590 
061600 
6Ö1610 
061620 
661630 

198 
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ISS 

i.fio 

16S 

17- 

IT'S 

HO 

lfl5 

l''^ 

1,95 

205 

210 

21ö 

220 

22S 

23U 

♦ •(.L iMfli)«.siR.SlT»c;2|'.S2Tt 
♦ncN.CP.».f:xPcR«Jw.Pl .71.»i:»IDL0T.PBOBM0tTlCU,XLEN»rLeN»Sr«LtX, 
♦■^rii £Yi.c:raLFY2.XTlT| F(^) tYTTfLE! (5) ,YTITLt2(5) .NAME 

KOUTVApviviCF'   (ll.riATaiM.du.nATATNl) 
i)6T4   (D4T/VTNI 1,11.1-1 .ti?»/7«?.S0.2f).3»i«O»1.2.ll.l0O»'»»6.b.3. 

♦«. i..l..-.ci5''6. I .|0a5.,3ais.s..5..,12Q2»2*O,,,O0l»*i0.»ü.«3«.015. 
»HKrL.l.'i7.i,.HE-4.,"»:.si.)u.6.-.34E-S..ü5E-ä..ie-5.-.U-S.l,98; 
♦.';'t".l.'-»iInl.'-j4,7.'*l.Il,l.l>'*H7204..'3t2J..,)..3O...l..l. 
♦ I^HTli^i-fcnN'.lHriQ) ,-<»1H   »lOHlEMP-DEGr   «iÖH  ABOVEAMB» 
♦ 1»1H   .I^.JMFAN   T'MO   ,10H  AbUVE   »MHOMH   »THöARRET*» 
♦ I H-.A')!»! OIS.l 1HT4>ir-,K.0HÜ-.4M(C'1) «JH , IH »lOHAXJAL D1ST. 

♦ l!"-!'NCE.'-'CM, 1"! , IM .1" / 
•1AT«    (IUTftTNII.21,I = l.,??l/'iHrl.2Hl2.2Ml3,2Ml<..2HI5« 

♦ J^r^ .3HI7,lHM,lHM.2HMl.?HNl,iMlCMT.2HIU»2Hl(J.2HN0.3HK|MX. 
»■.^1  .IJ j,c;jTcftP0.'iHTO'>IKiT,5"lP,'JLM.^HrTAP3.5HlTAP'»,4HRH0l» 
ii;T(guOt?.',H7Enl . ^^7Eni'.SHlJTAllJ.S-lTAUMX.bHTAUOFF.SHSlü» 
,3HIV .?MM-i."(HfPS.SHr>l (1 ) ,5Mül f2) .^Hfil n) .5MG1 (4) .5HH1 ( 1) t 

.^MHi(P).-MHl(3).SuHwa) .HHMATLWlAL.HHoEF.lNÜ.,<tHBETA. 

.q-i Jh;o.r-,Mi),(3HL,.M3D».3Ht;iH.3MbJT.3HS2P,3HS21 . 
♦ 7HnK'";nv.«MSPtC.MEAT.(SHRADIUS.bMEXPEH» 
♦ HO.Q ,3H«l':,-lH7|ii.3HK2ir.yHPi T?l Y.2N.6MPH0HN0«'tMTltU. 
♦ ixJil £'.|.viYLHNJ,7HX-5'~»,LF,8MYl-;>CAl.E.8HY2-SCALE.6HXTnLt.« 
♦1HP, H3.lH4.1HS.7uyTTTL<rl'iH2,lH3.1h<.,lM5«7hYTITL£2»ll:i2t 
»Mi. n<<. |H'5.«H^p^■o^T'^p. 
♦ ^«M. JHXTP^HXn, Vi»T''.3HXT^«3HYT1.3HYT2t JHYT3.3MYT<n 
»iHY-rS/ 

O^T«    (I))STHTM<1. <) .1-1 .t'?)/22«0.lfl»l.-i •11*1,-1.1.<>*0, 

n^T'.   (DuTiiiMi (l. 11, IT| .a«l/l^i;ü..l000..21)UCI. .0..2.«10Ut lnu.10,, 
♦ a»-' ...i-l .6,1 «-"•,2.-<in..''U..i..lO. j 
♦ 1 ih^IJKmrr   r,i'IHM,t'--MSITY  F .qfiuNnTlON, 1. IH   .IH   .lOHTIHt   TN  SE, 
♦ ■T-C^'IS.IH   .IH   .IM   .IIIHNON-OIMEN^.IOHTONAL  RAOI.IÖMAL  ÜI<;TANC« 
♦l-ft.V^H   . lOMNOt-'M'^M^.lUHIONAL   AXIA.IOHL   ü I STANCE . 2fi»U, IM   «5,5/ 

DM«.    (DATAIN) (1.2) ,I = l,4flf/2HA0.?Hxl,5HX2tbHWHOPl«5HRnOP?.2HMP. 
♦ ^M.v;),pHT1 .?HT?.>HT3.7MT6.«!MT^.2HTlS,2HT7.2Mlö.2HT'y»3HTl«i 
♦ iMf r.Sl ..-.HHI^T •S.-ifjWMT.SwMGAUS.'.HuOOE.iHUMIN.^HUMAX. 
♦ iH\J>.-lN»<.M\/MAX,"3HST! .TH<;T2>3MSI3.1HST<t.3HSTJ. 3HPTl»3HPr2» 
.■)MOT3.3HoT4.-<HPTS.3'H»T1.3>iXT?<3HxT3»3HXT<t» JMXTS.3HYT1« 
♦ 1-'YT2.:iHYT3.'<HYli..3i-iYTS,5MMS^TP«':;HMSKlP/ 

•IM"   »D4T4lNl(l,3),'-l ,<.S)/5<ti.2»O.U«l«<»»0.4»1.20«-l.ii:»0/ 
|)ft^^  rn.iT<.,ns,TT<;.iT7.U8/i.'»,s.6.7.a/ 
n«Ti  rtP'j.EPPO«'/"ii^-ics/ 

MT=iO 
CAL.i>'ETn4TA<DATaTN,n?,4.b.f>.J.100.300«'NL)lC) 
C'.Li    r,ET'14TA(DATMN!.<'H.'t.b»(:..7.lÖO«300»INÜlC» 
IF    fMOl)F   .ME.    1)    tiOjfl   l';0 

■14T' Iwl (■>7.1) = 11Mr)Ani4|.   D1S 
r147fll'.ll ( 1H.l)=l'1HT4'irE.PHO- 
OJTflMl (IQ.D^IOH^RTME    (CM) 
OATiHl ('-.;>. UM'.HflXi 4L   nlbl 
OST" INJI (',3.11 = liim\Nrr.<   (Ht 
r)4T'>lM| ('.4.l)=10"l ATIWF   TO 
'JATAlMl riS.l )=':l/iHR4i.jq's FO<-u 
041.-,lMl (4<:>.l)=7Hq)     ((-Ml 

l'-.O     JUITE   (JT71   riATM'.' 
MJITE    (TT7)    OATAfil 
I>-   «MOür   .EO.   II   t=,T. 
TvfrMO   TT3 

^C4'.(IT3) 
TI_4^T-=TNrXT = 0. 
KC = t.7fi3,«fi,/LA^RlA 

Ta=iPQMT 
''>l'".4'lSS=M'-.4IIS 
<s=-. 
0X=<,/M 
MMNTäMJMT 

MF= -Pl 
ir   fS1   Rn.Tfl   120 
x^avsv^Ax 
XMl'i = VM|;.i 

GlTn   li.T 
120    X^TiaOHnol 

XM4<=^Hnci? 

l*-) COM-l'^UE 
4=.^/Sl(-, 

001640 
()Jl6S0 
ÖÖ1660 ! 
ÖU1670 
Ö016R0 
001690 
ÖülTOO 
ÖJ1710 
001720 
ÖJ1730 
ÖÜ1740 
Öul7S0 
001760 
Ö01770 
0J17«0 

001790 
iüiaoo 
001810 
Ö:»18?0 
ÜÜ1830 
001840 
ÖÜ18S0 
001860 
001870 
001880 
601890 
Ö01900 
ÖÜ1910 
ÖU1920 
ÖÖ1930 
Ö0194O 
Ö01950 
Öul960 
ÖÖ1970 
ÖÖ1980 
001990 
5Ö2000 
ÖÖ2010 
0o2020 
0O2Ö3O 
0o204d 
ÖÜ2ÖS0 
ÖÖ2Ö60 
Ö02Ö70 
ÖÜ2Ö80 
ÜÜ2090 
002100 
ÖÖ2110 
ÖÖ2120 
Ö02130 
002140 
ÖÖ2150 
ÖII2160 
002170 
ÖÖ2180 
OÖ2190 
ÖÖ2200 
002210 
002220 
Ö0223O 
Ö0224O 
Ö02250 
Ö02260 
002270 
ÖÖ2280 
002290 
002300 
OÖ2310 
ÖÖ2320 
ÖÖ2330 
002340 
OÖ2350 
ÖÜ2360 
002370 
002380 
002390 
Ö02400 
002410 
ÖÖ2420 
ÖO2430 
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240 

2*5 

2S9 

255 

260 

2ft5 

270 

275 

2R5 

29(1 

2^5 

l-iOfl 

C=C»R»RFTa/3. l'^l5Q/k' 

CS2D = C<'S;>P 
CSl't^C^^.fT 

xo = v2-»l 0*'. 
Cl^c/^SO/nFM/CP 
oc) xsix^-XD/IA.MAvlM-W0-"! 
f)rLoHO=(UH'lP^-mnol ) /IHMb*U ( 1 «HP-1 ) ) 
|jc|_v=(VMaX-VMlNl /(AMaXO(l»MP-l) » 
nF|_M=(Ul<A)(-UMINl /(A'14X;1( 1 'NP-D ) 
^Al)=:R 

<r,Tr:l./X'l 

IT = v 
TR=T = TI^M) 
r17 (T .i;t. o.) r,nTO 'OCA 
TF(tP.tO,?l      WRtTF('TtS;t   OATAIH 
T = T 'Cl 
W^ITE/tT^.?)    T 
1^   (T   .r,T.   TAUMX)   G'-i-rn  ?00u 
xiT^Xl 
X)I=1./«1T 
M-U «IN 
Dfl   100   I=1.MP 
c«=(xa»xi i)»''2 
r17  (Sr MrKF^psoMxot-xir» 

\/=«'<If'l 
i'lO   '10   ,J=1.MP 
jr    (S>    V-KF»«»/)ToPWOP 
qiiF 1 j)=rx*lklRK(l).v.T) 

,Ora  2000 
*1| 

1'0 

2000 

1 
2 
3 
'4  ' 

If   (IEPR'.ME.   0) 
r}Mn-i=PHnn + nEI,WH'i 

COMt-INHF 
WOITE    (TT7I     I ,(M.-'.i|«TO.MP,*MIrJ.XMAX, (Rl|F(J) . J=l .MP) 
CM.'    PRT(HI)F.MO'IE.I.TT.MO«NP.MSKIP.NRK1V.RHÜPI. 

♦ 1FL--Hn.V'.'TM«nELV.xlT,ll,TR'I'T IM 

\lDcr=NPFOI 
Ki,TrX-lT«nt:LX 
xn-i./xir 
■ l=UtOFLU 
IJOMTINUF 
rT=rT»l 

IF   (IT   .'■■T.   wf)   RnTo  2000 
TJ=T=TIM(TT1 
IF   n   «rtT.   TIl-'MT-ln   r,nTÖ   lOUO 
g-TlrEdT'.n   NRFC 
MPTTFdTK.f.)   lE'M.EoonR'J ,    ; 
roR.ATIlx.»  THE   MuMirp   oF   KECURU^   IS-fMUiH 
FoRs'ÄTdy.» i'Ew V\LII';' OF IAU is'.eia.s» 
FOR .AT(1*.I6"4E12,4) 
FOH) .AT(1X,4E13.5) 
F;lR'AT(lv.T6.4r,l2.4.-<(/.5*'5r,l3.5) I 

FORMAT (*  MAX  ERPnt)   a^RM 
F\|>1 

»14»   EST   ABS,   tRRUK   INTEG.=   »Llm^) 

Ul'2440 
ÜÜ2450 
ü'!24f,0 
Üv2470 
Öu24»ü 
0-2490 
5'i2500 
ÜU2510 
Ö.i2520 
ÖJ25,30 
ÜJ2540 
0132550 
üi'2560 
ÖII2570 
Ö-i2580 
ÖU25R0 
ÖU260Ü 
ÖU2610 
ÜÜ2620 
ÖJ2630 
Öi.'264ü 
ÖÜ2650 
Öü2660 
ÜJ267Ü 
ü'.'2680 
Öu2640 
Ö 12700 
Ö.-27I0 
Öu2720 
ÖJ2730 
Ö,i274ü 
Üi;2745 
002750 
ÜJ2760 
0^2770 
ÖC2780 
ÖJ279Ü 
DvZflOÜ 
002810 
01)2820 
ÜJ283Ü 
002840 
0^2850 
ÖI.2860 
Öii2870 
Ö1-288Ü 
Ö(.2890 
Üt.290« 
Üt2910 
0^2920 
Ö.i2930 
"O-J2940 
Ö'.'2950 
ÖJ29f,0 
Ö..2970 
üiZ9ftÜ 
ÖJ2990 

ÜT. 30 00 
ÖJ3Ö10 
tiv3Ö20 
ÜJ3ß30 
Ö/3040 
Öu3ü50 
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D.2    Major Function IKIRK Pertaining to Option No. 3IIKIRK1) 

10 

15 

20 

25 

30 

pir^i    FUMPTION   I'<IaK(lUV,T» 
C0M'i0^/DHlRLK/CslD.'-s?K.CSlT.i:S2T.xS.nZ.NF.HINT.EPS.FK^nU). 

♦ F?t:280) .unuO-A^'TLa^T.TNtXT.liiSio.IP.MPltlSWiN. 
♦ Q»n,MDl.'~1.CI •IFRM.FoPnoM 
COMMON/nv/Ul'Vl 
gyTrRMAL FREAL1 .FTMAr.i ,FRtAL?»FlMAr,2 
DATS Atpa.PERR/lF-3.!F-ft/ 

»P=,<»A 
IF (A? .r,T. ?2U.) In'O.lOJO 

KZn C0N<;T=Z.»A2»62 
GOTO lO^O 

lr3n C0N<:T=2.o(A2/(l.-FXü(-A?;)>)»»2 
lO'fO CALl WT»nF3(T) 

IF (IERR .ME. 0) nOTO ?00U 
yo-I-DCAnRE<FREAL1.0,.l..ÄtHR.KEHR.ERRoR»ItR,) 
IF (EORno .61. FPRORM) ERROR^=ERPOR 
IF (IER .r,T. IE"Mi TFRMsltK 
YTTrOCAODE (FIMAr,! .0.. 1 . .AtHR.KERo.ERRnR. IE,H) 
IF (E^ROR .6T. (--PDOPM) ERRORM=ERPOR 
I"7 (IFP .^T. IEOMI ,T,FPH=ItR 
7oi=OCADRE(FPEAi 2.0..),.At.KR.HERD.ERROR »IER) 
IF (EPROo .GT. FRaOP«) FRH0RM=ERD0R 
JF (IE« .GT. lEP'M jFRM=It.R 
Ift =:OCAnoF(FIMAr,?.0..1..At.HR.HERP.ERROR. IER) 
IF (ERWOO .GT. ERRÖPM) ERRÜRiv(=ERP0R 

'-■"'■     If (IFR ,r,T. lE^'M) T'rR«=ItH 
ti<IbK=COMST»(YRI»YRT*YIT**U*.''RI*1

ZRI*^II*ziI) 

Zr>0D   RfT'iRM  . 
■ '  EMD.       '• j. ' .' -i ... 

Ü14800 
014810 
014820 
Ö14830 
014835 
014S40 
014850 
Ö14B52 
Ö14854 
Ö14860 
014870 
Ö14880 
Ö14äR0 
Ö14900 
Ö14910 
014920 
014930 
Ö14940 
014950 
014960 
014970 
014980 
Ö14990 
Ö15000 
Ö15010 
015020 
015030 
Ö15040 
015050 
015080 
Ü15070 

D.3 Function FREAL1 

10 

15 

20 

25 

110 

no 

FiJ^nflOM  FREOLKXv 
COMMOM/UW/II.« 
CnM'<0i\|/P"TRLK/CS!D.C^2P,CSlT.CS2T.XS.nZ.NF.MlNT.EPS.Fll2niJ) . 

♦ FP(7Ü0) ,MnLÜ.A.--.Tl-6ST.TNtXT.ieRP.IP.MPl.IäW.N. 
♦oaD.NPl,r3.CI.IFPM.FPRORM" 
'COMPLEX   ol.EXPR.EXPT,FX,FY.F7.Fi* 
RFAl     JO.  II .K 
a?=(»»- 
1,10?=:.5»L| 

GOTO   1ÖÖ 
FMToY   FT^AGi 

IS"iiZ 
-GOTi   100 
FMTPlf  FRF AL? 
IS»I = 3 
GOTo   100 
FMToY  FTMAG2 
IS'«=4 
X?="x»X 
xv=»»v 
Fi,(=cXP(-a2»X2)»CExPir:MPLXtüE0.-Uo2»X2i) 
FXDosCEXD(r.MPLX(0r0.K»RHl Ü))) 
EXPT=CEXP rCMPLX (f>cr0,K»HOLUM 
IF (V .Fn. 0.) FZ=(FXDR-EXPT)»X/?. 
IF ,V .N^. 0.) FZ=(FXPR-EXPT)*J1(XV)/V 
ni=x»j0(yv) 
GOTO (110.120.130.140) IS* 
FX=nl»EXDR-F7 

015080 
015090 
015100 
015110 
015120 
Ö15130 
Ü1514Ü 
Ö15150 
015152 
Ö15154 
Ö15156 
015158 
ÖI5160 
U151f,2 
Ü15164 
Ö15170 
Ö15172 
015174 
Ö15180 
015182 
015184 
Ö15190 
015200 
Ö15210 
ÖI5220 
Ö15230 
015240 
Ü15242 
ÖI5250 
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30 

35 

40 

RFTiiRN 
1?0     F)( = ol»EXDP-FZ 

FOElLl=*IM»fi(F'W»Fy) 
RFTilRN 

no     Fyrol»EXDT*FZ 
FPE&LlsRFÄLfEW'FV) 
RFTIIRN 

140     FV=ol»E»oT»FZ 
FRE(Ll=*TM«G(FW»FY) 
RFTnRN 
END 

015255 
Ö152S7 
Ö15E60 
015270 
Ö15260 
Ö15300 
015310 
Ö15320 
015340 
015350 
Ö153<»0 
Ö15400 

D.4   Function DC ADR E 

FUNrTION       DCADI5E   (r.A.B.AtRRtREOR.ERROR» IER) 

15 

20 

25 

30 

35 

40 

45 

5» 

55 

US4r,E 
p»R»MrTERS 

C-DClORE—  
C 
c     FUNCTTON 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

.LTRRiaY  3- 

DCADPE 
F 

6»B 

AERR 
RERR 
ERROR 

IER 

- TMTFGHATE F(X) FRnM A TO B. US1NO CAUTIOUS 
ARAPTIVt ROMBERG EXTRAPOLATION. 

- FUNCTION UCADRE (F.A.B.AERR.RERR.LRRnW.IER) 
. (TSTIMATE OF THE INTEGRAL OF F<X» FHOM A TO B. 
- 1 SINÖLE-APGUMENT REAL FUNCTION SOBPpUGRAM 

SUPPLIEU BY THE USER.  F MUST Be UpCLAREÜ 
ExTtWNUL IM THE CALLING PROGRAM- 

- THE TWO fNOPnlNTS OF THE INTERVAL OF 
INTtGRaUON. <IMPUT) 

- nESTRtU »HSOLnTE FRROR IN THE ANSWER. (INPUT) 
- nESIRtU RELATIVE FRROR IN THE ANSWER. (INPUT) 
. FSTIMATED BOUND ON THE ABSOLUTE ERROR OF 

THE OUTHUT NUMBER» DCADRE. 
. frppoR PARAMETER 

EARNING FHR0R(WITH FIX) = 64 ♦ N 
N ■ 1 IMPLIES THAT ONE OR MORE SINnULARITIES 

WERE SUCCESSFULLY HANDLED. 
N «'<: IMPLIES THAT. IN SOME SUBINTFRVAL(S) , 

THE ESTIMATE OF THE INTEGRAL WAS ACCEPTED 
MtHEL* 8ECAUSF THE ESTIMATED EKRnK WAS 
SMALM EVEN THOUGH NO REGULAR «EHAVIOR 
WAS RECORNIZEO.      / 

TERMINAL ERROR = l28 ♦ N 

PRECISION 
REOO. IMSL 
LANGUAGE 

ROUTINES 

3 -- FalLURF OUE TO INSUFFICIENT 
INTERNAL WORKING STORAGE. 

4 --FAILURE.  THIS MAY Bt UtfE [0 TOO 
MUCH NOISE IN tME FUNCTION (RELATIVE 
TÜ THE GIVEN ERROR REQUIREMENTS) UR 
DUE TO AN ILL-BEHAVED INTEGRANO. 

b INDICATES THAT RERR IS GRUATFR THAN 
0>1< UR RERR TS LESS THAN 0.0« OR «ERR 
IS TOO SMALL FOR THE PRECISION OF THE 
MACHINE. 

SINGLE 
IIERTSt 
FORTRAN 

N 

N 

N 

LATEST REVISION SEPTEMBER 17. 197(, 

OTMFNSION T(10.1«»»RtlO).AIT(lO).DIF(lO).RN(4).TS(2049) 
OTMrNSION IflEGS(30) ,BE6lN(30) .PlNIS(30) ,EST(30) 
OIMFNSION RERLSV(30) 
LOGICAL H?CONV»AiTKEN.RIGHT.REGLARfREGLSV 
REA| LFNGTHfJUMPTL 
0»T» »iTLOW»H2TUL«AlTTOL»JUMPTLfMAXTS«MAXTRL.MXSTGE 

1 /1.1,,lb..I,.01.2049»»0.30/ 
DAT« RN(l).HN(2),ftN(3).RN<4f/ 

1 .71420t»5..J46f,28Z..8437bl..1263305/ 
OAT« 7ER0.Pl.HALF.0NE.TW0»F0UR«F0URP5»TFN.HUN 

I /g.0.0»1.0.5.1.0.2.0.4.0.4.S.10.0.100.0/ 
ALG402 = ALOGIO(TWO) 
CAOpE = 7ERO 
gORnR = 7FR0 

015450 
Ö15460 
Ö15470 
Ö154B0 
015490 
Ö15S00 
Ö15510 
015520 
Ö15530 
015540 
Ö15550 
Ö15560 
Ö15570 
015580 
015590 
015600 
Ö15610 
015620 
Ö15630 
015640 
Ö15650 
015660 
015670 
615680 
915690 
015700 
Ö15710 
Ö15720 
Ö15730 
015740 
015750 
Ö15760 
Ö15770 
015780 
Ö15790 
015800 
Ö15810 
015820 
015830 
015840 
Ö15850 
Ö15860 
015870 
Ö15880 
015890 
015900 
£15910 
Ö15920 
015930 
«15940 
015950 
015960 
Ö15970 
015980 
015990 
Ö16000 
01601O 
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fMSrZE 
OOEUER 
RFGl AP 

1 
7FRn 
?F.Rn 
.FALSE. 

CMQF'ST - 7FRn 
VT^T = /run 
Ico s I)' 
Li--Mr,TH = ftBS(B-A-)     -'.; 
TF fLFMRTH .FO. 7rRni GO TO 5J5 
TF (RFrtR .fiT. PI .OD. RF.HK .1.1. TERO) 00 1U 210 
IF (AEHR .EO. ZERO .HMD. (HEPK»HI]N) .I.E. HUM* 60 TQ 210 
FPJO = Rrpp 
FOOft = ARSIAERRl 
STFnMM = (tENGTH/FLOST<?»

,MXSIGEl) 
STgoN'l = AMAAKi FMGTM.AHSU).ABS(8))»TEN 
ST»'E = MALE 

IHE GIVEH INTERVAL OK INTEGPATION 
IS THE FIRST INTERVAL CÖN<:10EREU. 

«FT, = A 
F^Er, = FIBEGt'HALc 
TS(') = FBEG 
fn'Er, = I 
END = B 
Fc-Nin = F(FND)»H^LF 
r^tn)    =   FFMO 

e; PICiHT = .FALSE. 
INVESTIGATION UF A PARTICULAR 
SÜ8INTFRVAL BEGINS AT TMJc; POINT. 

STEP = FMQ - HEO 
AST^P =  ABS(ST"Pl 
TF (ASTEP .LT. STFPMM) r,0 To ÜOS 
IF (STEPMM»ASTEP .EO. STEHNM1 60 Tn 205 
TU, I) = FBEG ♦ FFNn 
TABS = ABSIFHEG) » 0BS(FENU» 
L = I 
N = I 
B?CoNv = 
AiTk-EM = 

IS L^l = L 
L = L ♦ 

.FALSE. 

.FALSE. 

CALCULATE THE NEXT TRAPE/OIn 
TIL.l), KHICM IS BASED ON ■ 
EflUISPACEO POINTS. HERE. 
N? => N»Z * Z»»'(L-i». 

SUM. 
tN2» ♦ 1 

115 

120 

125 

130 

FM s M2 
JSfirP = (IEND - IPEG1/M 
IF fISTE0 .GT. \) Gn TO 2b 
I'T - lENh 
IcNji = TrNn > N 
IF (IFNr> .GT. MAXTS) GO, TO 200 
HOVM = STEP/FN 
TIT = IE-m 
FT = ONE 
00 '0 U1.N2«2 

TS(IIT) = TsriT) 
TS(III-I)    =   F(irNO   -   FI   •   HUVN) 
rt   s   rl^TwO 
TII = ni-2 
TI = 11-1 

20 GONTINUF 
IST^P = 7 

2S IST^P? = IHEG ♦ IST"/? 
SMM = ZFPO 
SM"äB

C
 = 7fHO 

00 ->0 I = tSTEP?«IE"n.TSTFP 
SU" = SUM ♦ TS(I) 
sUMABs   =   SUM'ABS   ♦   ABSdSdM 

30   CONTIMUF 
T(L.l)   =   T(L-lt1 t<tH4I.F»SUM/FN 
TABS   =   T4BS*HALF»SU>»6RS/FN 
»BST   =   ASTEP»TABS 
N  =  N2 

016020 
016030 

016050 
016060 
016070 
Ö16ÖB0 
Ö16(t90 
0l6i00 
016110 
016120 
016130 
016140 
016150 
016160 
016170 
0161BO 
016190 
616200 
016210 
Ö16220 
016230 
016240 
016250 
Ö16260 
016270 
016280 
016290 
Ö16300 
Ö16310 
016320 
016330 
Ö16340 
016350 
Ö16360 
016370 
016380 
016390 
016400 
016410 
Ö16420 
016430 
016440 
Ö16450 
Ö16460 
016470 
016480 
016490 
016500 
016510 
Ö16S20 
016530 
016540 
016550 
016560 
016570 
016580 

016590 
016600 
016610 
016620 
016630 
016640 
§16650 
01666C 
016670 
016680 
Ö16690 
016700 
Ö16710 
016720 
016730 
016740 
016750 
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135 

l^O 

145 

155 

160 

165 

17Ü 

175 

180 

1H5 

i9d 

195 

200 

205 

t>ET PRELIMINARY VALUE FO« »vlNT» 
FoOM L»ST TRAPEZOIU SUM A^ü UPDATE 
THE ERROR REQUIREMENT »ERRüAL» 
FOR THIS SUbINTERVAL. 

IT *   1 
VtNT ■ 
TAHTL« 
FMSlZE 
0% = 
CDCnAI. 

IF rL .r,T. 2) G'i TO 40 
IF (TAB<;tin»ABS(Ta.'M 
r,o TO 15 

STEPPT(L.l) 
TA8S»TFN 
SMÄ)(l(FlslsI7F.6RStT(L»ll >> 

aqTEP»FNST7E»TFN 
= 5TARE»AM»X1rFRRA»tRRH*ABS(CUREST»VIMT)) 

COMPLETE ROW L AND COLUMN t UF »T» 
ARRAY. 

Fff^rRP = nME 
ÖD   l5   Irl.LM1 

rEXToa  -  FEXTRp^FnllR 
-U.n   =  T(L.l)   -  T(L-l'I) 
TfLtVTVl)   =   T(L.n   ♦  T(I«L)/(FEXTRP-ONE) 

35  COMTINÜE 

rpQrR = 4STEPeAB5-(T(t«Ü) 
PRELIMINARY DECISION PRQCtDiiRE 

IF L =2 AND TI2.1) = T(l.l)» 
Gn TO 135 TO FOLLOW UP THp 
IMPRESSION THAT INTERGRANn IS 
STRAIGHT LINE. 

.tQ. 1ABS) 60 TO ,135 

LACllLATE  NEXT   RATIOS  FOR 
COLUMNS I«...<L-2 OF T-TARLE 
RATIO IS SET TO ZERO U DIFFERENCE 
IM LAST TWO ENTRIES OF CO| UMN IS 

ABOUT 7ERö 

<>Ö  DO  '.5   1=7,LMJ 
nIFF  =  7ER0 
'F   tTs8TLM*AMS(T(T-1.L>).Nt.TABTLM)   DIFF   =  T(1-1.LMi)/I(1-1.L) 
Td-l.LMl.)  = OTFF 

'ß  OONT'INUF 
IF   (ArlS(^nUR-T(l .|,M1) )   .Lt.   -üTOl.)   60  TO  60 
IF   (T(l.lMl)   .£0.   ZFon)   GO  TO  55 
IF   (ARSfTwn-ABSITd.LMUl*   •11.    lUMPTi.)   GO  TO   130 

IF   (L   .F^.   3)   GO   TO   15 
M^CoNV  =   .FALSE. 
IF   (AflS( (T<lrLMn-T(l •L-ZM/TUtLMl)) 

50 IF rREGLIPl GO TO 55 
IF (L .FO. k)   GO TO 15 

5S IF (ERRFO .GT. FPGOAL .ANU. (tRGL»ERRER> 
r'n T0  4C CAUTIOUS ROMBERG EXTRAPOLATION 

60 I«7 (H^CO'lW) GO TO 65 
AIT'EM = .FALSE. 
HPCnNV = .TRUE. 

615 FFXTRP - FOUR 
7:1 IT ^ IT • 1 

VINT = STFP»T(L.TT) , ,. 
EQPcR.= aRS(STEP/(FFXTRP-ONE)«T(lT-l.l.)) 
IF (ERRE'' .LF. ERr,0«L> GO To 160 
IF fERGL«-ERREH .Eo. FRGL) 60 TO 160 
IF (IT .rO. LM1) GO TO 12b 

(TtlT.LMl) .CO. 7rRn) 60 TO 70 
rT(IT.LMl) .LE. FFXTRPI GO TO 125 
(ABS(T(1T.LM1)/FOMR-FEXTRPI/FEXTRP 

1       FFXTRP = FrXTOP»FOUH 

.LE. AITTOL) GO TO 7b 

.NE. ERGL» GO To 175 

IF 
IF 
IF .LT. AITTOL) 

Go TO 70 
INTEGRAND MAY HAVE X»»ALPHA TYPE 

SINGULARITY 

SsJ:| 

75   IF   {Td.lMU    .LT.   A'TLOW)   GO 
IF   ,AITKFM)   GO   TO   8" 
H'CiNV  =   .FALSE. 
A IT»EN  =   .TRUE. 

So FFXTRP = T'a-Z.LMI) 
JF (FEXTRP .GT. FOURDS) GO TO 65 
IF (FEXTRP .LT. ATTLOW) GO TO 175 
IF (ABSIFEXTRP-Td.-T.LMUl/Tll.LMl) 
SIfjR    =   FFXTRP 
FFXTMI = ONE/IFFXTRP - ONE) 
Add) = 7FRO 

RESULTING IN A 
2»»(ALPMA ♦ 1) 

10 175 

RATIO OF *<;ING»  = 

.r,T. H2TUL) GO TO »7«; 

Ö16760 
Ö16770 
Ö167H0 
Ö16790 
016800 
616810 
016820 
016830 
016840 
Ö1685Q 
016860 
Ö16B70 
016880 
Ö16890 
516900 
016910 
Ö16920 
9i6">30 
016940 
016950 
016960 
Ö16970 
016980 
Ö16990 
0)7000 
Ö17Ö10 
Ö17Ö20 
017030 
017040 
017050 
017860 
Ö17Ö70 
Ö17dB0 
Ö17Ö90 
017100 
Ö17110 
017120 
Ö17130 
017140 
Ö17150 

017160 
017170 
017180 
Ö17190 
Ö17200 
017210 
017220 
017230 
017240 
Ö172S0 
Ö17260 
017270 
Ö17280 
Ö17290 
017300 
Ö17310 
Ö17320 
Ö17330 
017340 
Ö17350 
017360 
Ö17370 
017380 
017390 
Ö17400' 
Ö17410 
Ö17420 
617430 
Ö17440 
617450 
Öl7460 
Ö17470 
617480 
Ö17490 
Ö17500 
Ö17510 
Öl 7520 
Ö17530 
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f 

[ 

■■:   ■ 

ri 

210 

215 

22C 

22S 

?AO 

2^5 

2S(i 

255 

260 

265 

27 a 

275 

(T(I.U-T(I-l.lM*FEXTMl 

AIT(i-l) 
85 

•in 

95 

no 

1,15 

(tRGl^ERRFH) 
-  ONE 

Nt.   EF)6L)   60  Tn   '»S 

DIFdJ/UIFd'l) 

12<1 

125 

no  85   1=5.L 
A.IT(1\ = Td.ll 
K(T) -. T(ltl-H 
'iIEtn   =  A1T(T( 

GONtlMUF 
IT  ^   2 
VTNT   =  5TFP»AIT(H 
FOSrR   =   PDPER»FEXTM1 
IF   IEIOFP   .GT.   F°r,O0L   .6NU. 
MOjk  =   AL051Cl(S^ir,i/ALr.<tü<: 
TFR  =  MAXT(ItR.--5\ 
GO   TQ   Ifirj 
IT   =    IT    *    1 
ir   fIT   .^o.   LM1)   GO   TO   12t> 
fF   (IT   .GT.   3)   GO   TO   100 
-PNIirXT   =  FOUP,, 
SINGNX   =   SING'SINr, 
ir   ,H2Mfi<T   .LT.   STNGMX)   GO  TO   1U5 
FFicrRD  =  qiMGKlX 

STNGNX   =   SINfiNX»5TNGWX   , 
GO   T0   11'! 
FfXtRP = H2NFXT 
M^lvirXT   =  rQUP»H^NFXT 
DO   il5   I=IT.LM1 

"(i»i) = ^EPO 
TF   (T4HTLM*A-'5fDTF(I.l))   .NE.   TABTLM)   RU*1) 

CONTI'IUE 

H'TrEX   =   -H2T0L<tFcXTDP 
IF   <R(L)   -  FFXTPP   ,LT.   H2IFEX)   GO  TO   125 
IF   ,R(L-n-FFXToP   .(_T.   HETKEX»   5n  TO   125 
CuocR   =    ISTEPSArfSfOlFd.) ) 
FFj<TM1    =   ONE/MFFXTRa   -   ONt) 
00   i2n   I = IT.l. 

AlTITl    =   AlTdl    *   nlF(I)»FtXT«l 
MF(TI   =  AlTdl   -   AlT(l-l) 

COMTlMUF 
GO ^0 4(\ 

CURRENT TRAPE^OIO SUM ANO RF5ULT1NG 
EXTRAPOLATEU VALUES OIL) NoT GIVE 
A SMALL ENOUGH »ERHER». 
NOTE — HAVING PREVER .LT. EHRER 
IS AN ALMOST CERTAIN S19N OF 
BEGINNING TROUBLE WITH IN THE FUNC- 
TION VALUES. HENCE. A WATfH FOR. 
AMO CONTfiOL UF. NOISE SMOllLU 
BFGIN HERE. 

FFHTRP = AMAX1(PRcVFR/ERRtR.AlTLOtt) 
DOE'iER = FPRER 
IF (L .LT. 5) GO TO 15 
IF (L-IT .GT. 2 .aNO. ISTAGE .LT. MXSTGE) GO TO 170 
^DtlFT = c-pRER/fFExTPc'^fMAXTPL-L) ) 
IF (EOPFT 
GT TO 15 

.GT.   FRGOAL   .SNÜ.    (tRGL*ERRFT)   .NE.   EPGL)   GO  To   170 

130   r^   /EPRFP   .GT.   FDr,OS| .ANU. 

nifF = ,4qSdd»l,n»(FN*FN) 
GO --O 1A1 

1NTFGRANO HAS JUMP (SEE N8TFS) 
(tRGL*ERRFR) .NE. EPGL) GO To 170 
NOTF THAT  2»FN « ?»»L 

INTFGRANO IS STRAIGHT LINE 
TEST THIS ASSUMPTION BY COMPARING 
THE VA| UE OF THE INTfcGHANn AT 
FOUR »PANOOMLY CHOSEN» POjNTS WITH 
THE VA| UE Of THE STRAIGHT LINE 
INTERPOLATING THE INTEGHAMU AT THE 
TWO FNO POINTS OF THE SUB-INTERVAL. 
IF TEST IS PASSED. ACCEPT »VINT» 

135 SLOöE = (FEND-FKF.r,)»TWO 
F«E,i;2 = FHEG*FBFG 
00 <4'fl 1 = 1.4 

»(IFF = ABs(F(HFÜ.PN(t)*STFP) - F8EG2-RNd)»SLOPE) 
rF (TSRTLMtDIFF .ME. TAHTLM) GO TO 155 

14.) COMTUIUE 
GO TO lf,n 

NOISE MAY BE DOMINANT FEATUpt 
ESTIMATE NOISE LEVEL BY COMPARING 
THE VAI UE OF THE INTEGKANn AT 

205 

017540 
017550 
Ö17560 
Ö17570 
Ö17580 
Ö17590 
Ö17600 
017610 
Ö17620 
017630 
Ö17640 
Ö17650 
Ö17660 
Ö17670 
Ö17680 
Ö17690 
Ö17700 
Ö177I0 
017720 

017730 
Ö17740 
017750 
017760 
Ö17770 
Ö17780 
Ö17790 
Ö17800 
017810 
017820 
1)17830 
Ö17840 
017850 
Ö17860 
Ö17870 
Ö17880 
Ö17890 
017900 
Ö179I0 
Ö17920 
Ö17930 
Ö17940 
Ö17950 
017960 
Ö17970 
Ö17980 
Ö17990 
018000 
018010 
018020 
Ö18Ö30 
Ö18Ö40 
Ö18Ö50 
018060 
018070 
01808© 
Ö1SÖ90 
018100 
Ö18110 
Ö1812Q 
Ö18130 
518140 
018150 
Ö18160 
Ö18170 
Ö1B180 
Ö1B190 
Öl 8200 
018210 
Ö18220 
018230 
Ö18240 
Ö1B250 
Ö18260 
Ö18270 
018280 
Ö18290 
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: 

; : 

i 

290 

?QS 

301) 

3i)S: 

31 

3H, 

32.'1 

3?^ 

330 

33S 

3'.0 

3*^ 

35.'-. 

150 

FOUR »RANDOMLY CHOSEN» POINTS KITH 
THE VA| UE Ot- THE STRAIGHT LINE 
IMTERPOLATING THE lNTEii«AMU AT THE 
TuO ENnCOlNfS. IF SMALL tvUUGH. 
ACCEPT «VINT» 

SLO^E 
:F:AEr.2 

■IT^^ äM(F(6Erv.3N(T)»STtM) - FREG2-^N(I)»SL0PE) 

IF   ,EPR"   .r,T.    :PhO«l    .ANLU   (tHGI>EpRFW>   .Nt.   EPGL»   QU  Tn   175 

I   =   I»l 

(FFMn-FHEnj'tTwn. 
FnFG»FHtT, 

IF    I I 
ipq = 

.I.F it)   S!l   TO   1S^ 

INTERGR&TlON  OVER  CURRENT   S110- 
IMTERVAL   SUCCESSFUL 
ADD  »VTNT»   TO  »DCAORt»  ANn  »ERREM» 

Tn   »ERPOH».   THEN  SET   UP  NFAT   SUM- 
iMTERVftL.   IF   AI>(Y. 

16,1 can 
FtW 

rAHRF 
FDpOO 

TF    (RIGHT)    GO 
tSTOF.   =   IST06E 
IF    rlSTAGF    «FH 

♦ yrNT 
♦ FoRFO 
Tn   '6=; 

-   I 
01   GO Tn d20 

IbS 

ijFPi AP  =  PFGLSVfTsTSGF) 
,1FG    =    HFr.IMdSTftG^) 
FMll   =   FI'iISU5TlM-,F) 
C1IO--ST   =   CHRFSI   -   FSTMSTAGE'D 
fFKP   =   I"F«   -   I 
rrw-.  =  Tf, (IEMÜ) 
IJF--,   =   laFGSIISTAr.El 
r,n    rfl   I«' 
CHiJ-ST  =  CUTEST   ♦   VT'IT 
^TH'-.E  =  ^TAGF »STAGE 
IFM-.   =   I'lfG 
luiFr-  =   tMFGS(iSTAr,E) 
F-.m  = HFC, 

.]rr,   =   ^r.-,lM(ISTAGF) 
FFr,!',     =•    F'JFG 
FCIF-   ■=  T'dBE'G) 
GO   TQ   ■'' 

VINT 

355 

36 j 

17- 

1^.1 

1«^ 

190 

w* 

INTEGRATION  OVER  CURRENT  SÜRlNTERVAL 
IS  UNSUCCESSFUL.   MARK   bUHlNTERVAL 
FOR  FURTHER   SUBOIVISIONi   stT   UP 
NEXT   SUHINTtKVAL. 

GO  TO   ZO* 
SFG|':A:R'=   .TRUE. 
IF   (IST^F   .EO.   "vSTGF) 
IF    (RIGHT!    GO   TO   iflS 
O-Gl SVlTSTAGF'll    =   RFGLAR     ; 
qFr,>N( KTSGE)   = RFG 

taFr.SdSTAGEl   =   I^EG 
qTor.E =  STAGE'HSI. F 

RTGuT   =   .TRUE.       :' 
,:)Fr,   =    (PFGtENOH'HsLF 
JHfr;    =     (TREG^IE-'Dl/' 
Tt;(lHFGl    =   TS(IflF,G)»H4LF 
FRFr.   =   TSdBFG) 
Gn   rO   1? 
MML-FT '=   IHEG  -   T,aEG<(TSTAüEt 
IF   (IFNO.NMLF.FT   .GE.   MAXTS)   GU 
HI   *   Icicr,<;(iST'vGr) 

II   T   t£Mn 
tin  •91  l = llI.lfiFG 

Tt   =   II   ♦   1 
TSdll   =  TS(I) 

CilNTlMlif 
On   <9S   I^IREG.II 

TSdTII = TSdi 
MI - TTI » ' 

C'lKlTlHUF 
IFN,n = IFND » 1 
IUF.- = TFMn - N-ILFFT 
'FFMM = FJFG • 
F^F", = T^CiHEG) 
FlMlSIISTSGEl = FMO 
FMH = BFr, 
flF'G = hF.-I«ldSTAGF) 
RFGiNIISTAGEI = E«!0 
OFF,, swdqTAGE) = oEG|_AR 

Tn 200 

U1U3UO 
018310 
01(4320 
Ö1Ö330 
Ö1B340 
CP183S0 
518360 
018370 
018380 
Ö18390 
f18^00 
Ö18410 
018420 
01843O 
Ö18440 
Ö18450 
018460 
01847 0 
Ö184B0 
018490 
018500 
016510 
Ö18520 
Ö13530 
Ö18540 
Ö18550- 
018560 
018570 
Ö18580 
Ü1Ö590 
018600 
018610 
013620 
Ö18630 
Ö18640 
018650 
018660 
Ö18670 
018680 
Ö18690 
Ö18700 
018710 
018720 
018730 
018740 
U13750 
018760 
018770 
Ö18780 
018790 
018800 
018810 
Ü18820 
018830 
Ö18840 
Ü188S0 
Ö18860 
018870 
U18880 
018840 
018900 
018910 
018920 
018930 
Ö18940 
018950 
018960 
018970 
Ö18980 
018990 
019000 
Ö19O10 
Ö19Ö20 
019030 
019040 
i)19ÖS0 
019060 
019070 
019080 
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V: 

■1- 
7     | 

365 

370 

375 

3au 

197'GE  =   tSTAf7E  »1 
ppr,| AP  = RFGLS\/(K7iRn 
FS7(ISTar,E)   =  «INT 
CU^ST  =  CIWEST   •  E^TIISTAGE) 

(in   '0  5 
c 
c 

'Of, ic-t*   =   111 
r,n  TO zn 

'0=; I^s = n? 
r„-i   TO  21 = 

PlO irtj   =   13-> 
?15 CAOoE  =  riiREM 
?zo OCA^RE  =  CAOPE 

I'M C.IMTlNDE 
Tr   rlcW  .ME.   0 

9^0^ Pi?Ti|R*l 
PKin 

hAILUPE   TO  HANDLE  GIVEN   INTFiikA- 
'   TtON  PDOBLEM 

♦   \/IMT 

TALI   1IEB7ST (lER.6HDCaO«E) 

019090 
019IOO 
Ö19U0 
019120 
019130 
Ö19U0 
019150 
Ö19160 
019170 
Ö191B0 
019190 
Ö19200 
019210 
019220 
019230 
019240 
019250 
019260 

D.5   Subroutine UERTST 

SM^-'OUTI'IF   UtPTST    (TTB.MAMt) 

10 

15 

20 

25 

30 

35 

40 

AS 

50 

C 
c- 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c- 
c 
c 

lEWTST— LmcA^Y   3. 

FUMCT'ON 
DSARF. 
QAPSMTTER1; IFR 

. CRPOR MESbAGE GENERATION 
- TALL UtRTb,T(TER»M«ME) 
. rpRnH PAaAMtrEP. TYPE ♦ N WHERE 

TYPE- iW IMPLIES TERMINAL ERROR 
bi,   TMPLIFS WARNING KITH EU 
32 IMPLIES WARMNG 

M   = FHSOo CODF RELEVANT TO CALLlnü ROUTINE 
M^ME   - IMPIIT SCALAR CONTAINING THE NAME UK THE 

C'.LLINr, ROUTINE AS A b-CHARACTER LITERAL 
5 STRING. 

LANGUAGE - FORTRAN 

LATFST REV/TSIOM 

OTM^NSIOM 
IMT^GEW 
FOUTVALFMCE 

OAT«    ITYP 

TR1T 
OAT« 
tF«7=IEP 
IF (IER2 .GE. WWI r,n  TO S 

IER'=A 
GO TO 20 

5  IF (IER? .LT. T'RM) GO TO 10 

TFRi«3 
GO  TO  2n 

10     IF   (IER?   .LT.   WARF)   GO  TO   15 

TFRi=2 
GO  TO  20 

15     IFRisl 

»0     TER'=IEB^-IBIT(IEDll 

MIGIISI   1.    1973 

TTYP(2»'») .1817(4) 
MJBN.WARF.(ER^tPRIMTR 
(TPTTdl.wORNl t (IHIT(2) .WARF),(IbI1(3i.TERM) 

/lOHWARNING .10H « 
IOHWARNIMGIWI.IOHTH FIX)      . 
10HTERMIMAL     «IOH . 
lOHMON-OFUNE'lOHn /«       ■ 

□RIMTR/bLOUTPUT/ 

NON-DEFIMEO 

IER"INAL 

WARMING (WITH HX) 

WARMIMG 

EXTRACT *H* 

HRIMT ERROR MESSAGE 
W9ITE (ORINTR^^) tlTYP(InlERi)»i=lt2)»N»MEtIER2.IER 

25 FoR'tATiy^H ••• I '»  S l.(llERTST) •••  «sAJO^X.Ae.ftX. I2> 
J   oH (TFR = tI3»lHl <i 
RFT'lHN 
END 

019270 
Ü19280 
Ö19290 
019300 
019310 
019320 
019330 
U19340 
Ö19350 
019360 
Ö19370 
0193HO 
019390 
Ö19400 
019410 
Ö19420 
019430 
Ö19440 
Ö19450 
019460 
019470 
019480 
019490 
019500 
019510 
Ö19520 
Ö19530 
019540 
Ö19550 
019560 
019570 
019580 
Ö19590 
019600 
019610 
019620 
Ö19630 
019640 
019650 
Ö19660 
019670 
Ö19680 
019690 
Ö19700 
019710 
019720 
019730 
019740 
019750 
0197/' 1 
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D,6   Major Function IKIRK Pertaining to Option No. 1 (IKIRK) 

10 

15 

20 

25 

30 

35 

40 

<t5 

50 

55 

60 

65 

70 

qFAl    FUMrTTON  iKIsKdl.V.Tl 
C  CUMCTTDM   IKIRK   IS  THE  KIOKHOFf   IMENSITY  FUNCTION  OESCRIBtU  }N 
C   -BENDOW.a.   Aviri   BlANINn»^.   ^OPTICAL   PFRFOHMANCt   EVALUATION  UF 
C   TNFRAREn  TRAMSMITTMR  KTMnnwS»  AFCRL-7?-0q65.   ASSUMING  A  üAUqblAN 
C  qHAPFO   MNPOLARIA7ED  SnUurF.   THE   INTEMSITY  FUNCTION  CAN  bE  WHTTTEN* 
C     IKlRK(ii,«)=P(AI?/(l-FXn(-A!2»))?^»(lI(0.1'ÜX) (FW»FX) J12* 
0 lT(0.!.DX)(F'."'Fy) l!2 
C  wHFRF» 
C Fw(y«l|)=rXP(-<A»X) ! ?) »EXP <'-I»U»X ! 2/2) 
C FX(itV)=X«JO(X»V)<tEXP(I»K*PHTH(X) )~FZ(X«\/) 
C FY(X»V)sX»J0(X»W)»EXP(I»K*PHTl (X))»FZlX.V) 
C F7(y,Vi=,i\(X»V)«(rXD(J»K*PHl«<X))-EXP(I»K»PHn(X)n/(V) 

C A = l /S0RT(2)/'SIG»»' 
C K = W6\/e  Nn.   (OMEr,A/C) 
C       NOTATTOW 
C !   =>  EXPONENTIATION 
C I   =>  '«IMARINARYiJ1 

C TfO.l.OXK.)   MEAN«;   TMTEfiHATION     nF   THF  FUNCTION  WITHIN   ()   X.R.T.X 
C OWEo  THF   INTERVAL   (0.1). 
C    10  ANO    tl   ARF   BESSEL   rUMCTinNS  OF   THF   FIRST  KINü.ZEROTH  ANU FIRST 
C  nRDE:R   RFSPECT1VEIY. 
C  OHIH(X)   AND  PHIT(X)   AoE   THE  FUNCTIONS   PHI-SUPERSCRIPT-RHQ  ANn  PHI- 
C  s  PERSCoIPT-THETA  RESPECTIVELY   IM   THE   ABOvE  RtfERENCE. 
C  THESF   FIINCTIOMS   ARE  RTVFH  BY» 
C  oHtR(X)=C»Sia»Fl(X)**»C»s?P«F2(X) 
C  nHIT{X)=C»SlT»Fl(X)»4»C»S?T»F«;(X) 
C  WHERE» 
C C=Si3»P0»RETA/KT 
C R=WTND0W   RADIUS   (rM) 
C O0="EAN   INCIDENT  0O1.IFR  DENSITY    (WATTS/CMI2) 
C BFT8=BULK   ABSORRTTOM  COEFFlCItNT   (1/CM) 
C KT = THFRM»L  CONDUCTIVITY   <«ATTi/(CM  DEr,C) 
C S1R.S?R.S1T.S2T  APE  «ATERIAL  CONSTANTS  DEFINED   IN  THE  ABnVE  REF. 
C F1.F2  ARE  THE  FMNRttriNS  DtLTRAR-PRIME (X)   AND 
C (l/«l?)T(O.X,DSi(nELTRAR-PRIMt(S)) 
C GTVFN  IN  THE  ABOVF  REFERENCE   AND   WHICH  ARE   PROVIDED  Al   SELECTED 
C AROIlMENTs  BY  PROODAM  fflTEMPSt«, 
•♦»•••«••»••«»••••»♦»!.»»»»«»»»»••»••••»»••»»«••»•«*••*•«•••♦»•»»»•••»•• 

COMM0N/PMlRLK/CSlP.rs?R.CSlT.CS2T»XS»DZ»NF .MINT.EPS.Fi (20(J) • 
♦F3(900).HnLD.A,K   .TLAST.TNtXTtlERR.IP.MPltlSW.N. 
♦RAO.NPl.C3.Cl»IF.PM»FORnRM 

C0HM0N/IFILES/lT3.IT4.IT5«ITfttIT7fIT8 
COMMON/UV/UUIVV 
COMPLEX  0I.EXPR,EXPT.FX,FY,F7»FW 

RFAL  JO. )1 
REAl    K' 
OTMcNSIOM  XA(100).YPnOO)«YI(100).ZR(lOO).ZI(100) 
Uljsll 

A?=«#» 
IF   (A2   .r,T.   220.)   ln»0«10iU 

lp20   CONsT=2.«A2»A2 
GOTO  10*0 

1030   CONsT=2.»(Ä2/U.-F»(P(-A2)l)»»ü 
10*0   Un2=U/2E0 

C  TF   ISW=I   THEN  THE  ARRAY  nF  POINTS  FOP  GAUSSIAN   INTEGRATION 
C  M  ST   «E  FOUND 

GOTO   (10^0.1060)   tSw 
1050   ISM=Z 

CALL  DOG?<tA<0E0.lFO.YA)     ' 
IF   rIP   .EQ.   I)    iRTTEdTfe.l»    (XA < t) , 1 = 1 .N) 

1(160   CALl    RTAPE3(T) 
IF   flERR   tNE.   0)   GOTO  200« 
DO   100   1 = 1.N ,  ., A 
x=x^(i) ■.,,''';, 
X?=X»X 
xv=x*v 
rw=FXP(-A2»X2)»CExP(CMPLX(üE0»-Un2»X2) ) 
f;XPDaCEXP(CMPLX(0F0.K»PHl(X)) ) 
EXPT=CEXP(CMPLX(5F0.K*HoLD)) 
IF   (V   .En.   0.)   F^IFXPR-EXPD^X/?. 
IF   f'V  .NF.   Oi)   FZ=(FXPR-EXPT)»J1 (XV)/V 

.Ol=*»J0(xV) 
FX=r)l»EXRR-F7 

ÜU0100 
ÖJÖ1I0 
ÜÜ0120 
ÖJ013Ü 
öööii.o 
ÖöClSO 
öüai60 
ÖU0170 
ÖuOlBO 
Öuolqo 
ÜoU20b 
ÖUÖ210 
000220 
0ÜÖ230 
0ÜÖ240 
ÖU0250 
ÖOO2e10 
ÖÖÖ270 
Ö'JOgBO 
ÖÜÜ290 
ÖU0300 
Öu03l0 
ÖÜ0320 
Öi)0330 
Ö00340 
0^0350 
Ö00360 
60Ö37O 
Ö;<Ö380 
ÖU0390 
000400 
ÖG0410 
ÖÜ0420 
ÖÜ0430 
ÖÖ0440 
000450 
Öii0460 
ÖJ0470 
ÖU0480 
0 00490 
ÖOÖSOO 
ÖÜ0510 
ÖUÖ520 
ÖÜ0530 
ÖÜ0540 
5ü0550 
000560 
ÖJÖSTO 
ÖÜ0580 
ÖliÖSRO 
ÖUÖ600 
000610 
()J0620 
ÖO0630 
ÖÜÖ640 
Öi)ü650 
ÖÜÖ660 

0110670 
ÖÖ0680 
ÖUÖ690 
Ö00700 
ÖUÖ710 
000720 
006730 
ÖÜ0740 
ÖUÖ750 
Ö0Ö76O 
000770 
ÖÜ0780 
Ö0Ö79O 
ÖÖÖSOO 
öC'Oaio 
ÖÜÖ820 
000830 
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m 

Fy = nl»HxoT»F<' 
q\=Fi1(»F)( 
yo(r)=RFA|.(ai) 
YT ( T)=ATMAr,(01) 
lyiifM*^ 
^!J(T)=RFAL(ni ) 
71(T)=AiMAn(01) 

■iO    coNnlMHF 
pgH,)AT(q(lX«GlZ. Si) 
CSU    ,ior,--4B(OtO 1F0.VR YH1) 
CALI    liOG;,iH(OEO IFO.YI YUI 
CALi    nqr,P4R(OEO 1F0.7D 7R1) 
OSLI   nnn^ABioeo 1F0.7T 711) 
TKlDK = CnMST»(YRI*YRTtVII»VlI*^RI*ZRIt7lI-»^n) 

2"0<)  RFT:II«N 

10 

15 

20 

?5 

3j 

35 

45 

D.7    Major Function IKIRK Pertaining to Option No. 2 (IKIRKP) 

R^Al FOM-TTOM iKInK ni.V.T) 
«0öTL   11.)R7t 
TMlc   F(jN|rTI0N   COHDUTF«;   THt   KTRKriOFF   iMfENSITY   FUNCTION 
4| o..,G   TMr   11=0   AMD/HO   \l-rt   AXIS   OF   THE   PLANt. 
<5FF   COMMrMTS   IM   Iifloi^   AMD   COMPUTF   FOR   ÖACKüHOUND   INFO. 
IT   IS  VS| in  ONLY  FOo  CO'lSlANT   TEMPERATURE  WINPOWS. 
DTM^-NS'jnM  AAdü) 
C0M''0»l/TFiLES/IT1.IT4.IT5»iTfi>IT7»IT8 
COMviOM/VTCTOP/VV 
mM'ON/PHIHLK/CSlo,cs?R.CSlT.CsHT.XS.nX»NF .MNNT.ERP'Fl (2ou) . 

♦ F?(700) .MnLD.AL'Hs.KF.TLAST.TiNEXT.IERO'iP^MPi'I^W'NGAUSS.' 

♦BiO.NPl.rl.C! 
GOftnLFX   i,)0O,.CRMOo.CTHFTAU»A|U.APO.A3o<A<iQiA6Q<A7ü 
RFA|    KE 
OST A    (AAf T) .T=r.l.M /l.,-.'Jy9R'y99Q958,.'t,J99li99206.-. 166661=30 19. 

♦ . .I«, i 6571475.-.U')!non^9S..l'01329HB?o.-.Oai)l'* 13161 •o.«u./ 

CALI    RTüPF3(T) 

TF(TERR.MF.O)   GOTO   ?000 
CTHrT40=rSlT»Fl (1) ♦4..oCSZI*K2 (1) 
CTHFTAO=rTHETA') >KF 
CÖHfiO=C5)P«Fl (D^i.^CS^R«^^!! > 
coHAO=CRHno»KE 
4.l0n=(0,.l.) 
A'O-CEXD (A,IOO»CHHn(3) 
AlO-CFXPISJOOOCTMrTAO» 
A10^A3n-430 
A=-(ALPH«»»2) 
IF (A .LT. -1000) GOTO 110 
EXPft=F.XD(A) 
A<:: = 7.»(A/(l.-EXaA) )»»2' 
GOTO 120 

1,0  EKOA-il.- 
A»; = -3.»A»A 

1^0  8=U/2. 
!F(i'.EO.n) GOTO ?n0 
C=(ALPHA/V)»«2 , 
IFduTO.I) GOTO loO 

200  SlNssSXNfH) 

cosJSCOSIH) 
ASOiA»»? 
aso^s»*? 
A40oEAL=.5«( (EXoA»(A<iCO,SB»b»SlN8) )-A) /<ASQ*BSQ) 
4üOTMAG=-.5»( (E»PA»(A»S1NÖ-B»CüSR»)*R)/'<AbQ»aSQ) 
4aO=CMPLv(A'tORE'iL.S40TMA6» 

A':.0T:AlQ/?.»A4n 
Ii<ToKO=a5»<<CAflS(A20<tA40-A60))»«?»(CARS(A3U»A'tQ*A6Q))**2) 

RETiiRN  - 
lr>0.  IF (-A ,r,T. ,693) GOTO 1000 

Ouoa^o 
öiioaso 
ÖubB6ü 
Ö1.0870 
Ö11O88O 
000890 
ÜJ0900 
ÖU0910 
ÖJU920 
Ö.iÖ930 
ÖJ0940 
Ü00950 
Ü110960 
010970 
Öii09«Q 
Öu0990 

0ii98ü0 
Öij9fll0 
ÜIJ9820 
0')9830 
0^9840 
OJ9850 
ÖJ98ftO 
Öl!9870 
ÜÖ9880 
Ö0989O 
ÜÜ9900 
ÖÜ9910 
809920 
Ö09930 
Ö09940 
ÖÜ9950 
Öä9960 
Ö0997O 
ÜÖ99R0 
ÖÖ9990 
oioooo 
öiüoio 
010020 
010030 
010040 
010050 
010060 
010070 
ÖiÖDBO 
010090 
oioioo 
öiöuo 
010120 
Ö1Ö130 
010140 
010150 
Ö1Ö160 
Ö10170 
Ö1Ö180 
Ü1Ö190 
Ö10200 
010210 
010220 
010230 
010240 
Ö1Ö250 
Ö1Ö260 
010270 
010280 
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■ ^wmm^w 

Si) 

5S 

C«L|    COMilltE   (CA««^17! «ff ÜJl^H) 
tFCTER.f.-!.?»   GOTO   Irinft 

J<I^K"=^»((CAR^(&2n»FFl-A/0))»*'*(CARS(*3Q»FFl.A7Q)>»»2) 
tiC-TiiPi^ 

i-iOO   WOITE   (ITS,10» ,; 
1;1       Foc|'<AT(/t  ALPHA»»'   Tq  OUT  OF  HANOE») 
2000     HE-i-ÜRi\| 

FMO 

010240 
016300 
Ö1Ö310 
Ö1Ö3?0 
Ö1Ö330 
010340 
61Ö350 
Öl6360 
610370 

m 
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i      1 

E.I    Main Program DISPLAY 

1 •: 

15 

3': 

3S 

*! 

SS 

65 

oomsBAM '1TSPLAY (T'iP'ri=SO/öu,TADl:-S = HO/RÜ>TAPt3.OUTPUT =00) 
C -t«I=;in JuMF 11.1^76 

COJ 'Oig 7no3>io'n .XT(ioT»iu3) «YTf 103.103) 
C ViMO!s|/ciLOnK3/Np2.MP'.X'-aNF.YMINr.OX.nYiSWl1IT6 
OT«<rNS10"J   nATAC^l) 
OTwcNSJOW  PR06in(-i) .nnOFC') .DATA tN (lüO'^li'fARMtRÖ) 
i-iTk'-Nsio'j iNO(4-,) .zi Fvsrsi)) ,TNne;x(*.2) 
TMT-CIFP rcnot 
L-irirCAL   FLAß.FLir,! .S'JT 
•1'il\   IT*. ITft.lTi/i.^.^/ 
anT«    ^S.vs/O..0./ 
•)4T'    (plirAr,ID=7H.UANirM0.7HlU   ? 3*7. 7HOISPLAY ) 
iM-t' (C'nF=i .1 .»^..^-iMA.i'i) 
.1|_A-.K = l^>J 
Tm nN< = l<-H  . 

C THC F'UiO.ilMr, nATA rfif)^  MUST BE INPUTTED TU TAILOR THE PKUGPAM 
C FOP r-iF Useoc PARTIrlll Ao »PPLl^ATinN. THE NUMHEK IN PARtNTMt<;lS IN 
C L-RONT or gACM nATAU-i MAMF IS THE CAPn COLUMN AT WHICH TO iTADT THE 
C nATOM, THE MI'JIPEP I 
C UAi.lJt or THE- OSTI.IM, 
C COPRFSDINTIM-, C.APO 
C r^oO | 

■/ M ft S 

nPt 
TlCU 

C (1) 
can 
c ( <; i ) 
C (31) 
c 
c 
c 
c 
c 
c 
c r/Ätw? 
C (01) 
C rll) 

Hin 
(61 ) 
(71) 

C ld\ ) 
(31) 

,LFM 
vLRN 
■--CaLF.' 
^CALFY 

VMl.M 
■iA'/h 

-iROH. 

i nAocMTMEbls KOLLOWINr, THE DATUM IS THE DEFAULT 
rr TUE I1F.FAU(_I VALUE IS TO tit USED LEAVE THE 
"I^L'i PLANK. 

(lio.l MAXIMUM P| OT LENGTH IN INCHES 
(15,1 MAXIMUM Pi OT WIDTH IN INCHES 
(V-V.) NUMHFR OF POINTS/INCH FOR COMfOURS 
t,'S) MUMHFR OF INCHES 8ETHEEN UC-MARKS 

FUR USER DEFINED X-Y PLOTb 
(1^,1 X-Y oLOT COORDINATE FRAME X-clZE 
(.-,.) x-Y oLOT COOHDIMATE FRAME Y-sIZE 
(1.1 v-Y DLOT x-SCALL (UMITS/T1U 
(i.l x-Y PLOT Y-SCALE (UNITS/TIC) 

X-Y PLOT XMIN 
v-Y PLOT YMIN 

(■V) 

(qjSOUFTI)    MAME   OH   PI OT 
(57->4) PLOT   PROHl EM   NUMBER 

C CAPO 1 
C (CARD ) C'INT'TMS TH'- a-1 A»PAY 'TNOEX' WHICH lb THE INDEX 01- 
C LOCATtOvS FOP LAMELU1', IMFORMAJTDN ASSUMED TO BE CONTAINED IM THE 
C I AST DATAIN DM THE FTI E TOMTAINTMU TME SUPFACES. IF THERE lb NO 
C ^UCH DATA TMI--M THIS qn'RD MAY BE I EFT BLANK AND THE LABELINO «ILL 

IDT J--  lOME. IMDFX TOMSTSTS Öl" PAIRS OF NUMBERS WHEREIN Tnt FIRST 
MUMHFu TS THtr STARTrW-- I nCATION Dh TPE LARtL AND THE SECOND ^'UM^ER 
IS Hr i EMGTH DF THf I Aq-|. . 
TF THF I ETTF-J 'O' I ■ PLArFD IN CnLUM\| 1 OF CARD £, THE FOLLO'»1NG 
lEFAlJI.T LOCATIONS A'.F USFD FOR TTILE INFOsMATION- 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C  (-Aofl 
C   CAPO 

(1) 

(bl 
( 11 ) 
(tft) 
l2\ ) 
(gAl 
( (I) 
riiy, 
(»I) 

'NDEXd.ll (1 1 SURFACF   TITLE 
iNOFxd.ai C^l SURFACE   TITLE   LENGTH   (CHAKArlERS) 
iNOFXIP.i) (*1 PARAMETER  TITLE 
•Ni)fX(P.?) mi HARAMFTFD   TITLf    LENGTH 
iNOExd.I) ('1 x-TITLE 
rNoFX(T.?l (I-') X-TlTLE   I ENGTH 
rNUExc.l) ')-) Y-TITLE 
INUEX(*.?) C') Y-TlTLE  lENGIH 

■IJA '.(M MUMBFR   OF   "DAIAIM«    ARRAYS 

-rAPO UDA»? 
CONTAIN THE TViDTCtb DI" DATA IM 'DATAIN1 WHICH ARF (0 

iE PLOTTED AT THF BFGTNMT'MR 0^   EACH oUN OF DISPLAY. THERE MUcT BE 
C ONF CAP" FOO FACH «DATAIM« FVtN TliOUSH FOP SOME 'DATAIN' NO DATA IS 
C TO BF PIOTTFO (A BLAKK CARD IS ACCEPTABLE)". THE INDEX NUMBERS START 
C IN CD| u-NS 1,3.5.7 FOO A TolAL OF Uo'TO '•ü INDICES PER CARD. 
C THF OFFMJIT IS A HL'.N"- rAPD.I.E. NO 'OATAlN' DATA IS TO HEPlUTTED. 

PVIX^I 1, 
PPIslO. 
TTC'is.S 
xi,F.M=iü. 
YI.E''=S. 
SCALEH=S',AI.EY=I. 
XMIMX=YMTNY=0. 

tvD.-Xn.i ) = i 

OiJOlOO 
ÖUÖ105 

0>,0U0 
ÖL-oiao 
ö;.oi30 
0^0140 
öyöis'o 
ÖoOlftO 
s) ..0170 
Öü01«0 
ÜJÜlQO 
ÜJ0200 
Ö..02I0 
Ü.;0220 
ÖJ0230 
ÜJOZ^O 

DC02S0 
ÜUÜ260 
ÖJ0270 
ÜJ02H0 
Öi.ü2<)0 
0^,0300 
Ö;;0310 
01,0320 
0.10330 
d'i0340 
Ö"03S0 
ÖJ036Ü 
6^0370 
ÜJ038Ü 
0^0340 
0 Jü4u0 
ÖJ0410 
0^0420 
0^0430 
0^0440 
ÜJ0450 
Ö';0460 
Ö ,0470 
0:,04rt0 
ü jQ4t)0 
ÜJÜ500 
0 '0510 
0 '0520 
Ü..0530 
0 .0540 
0:0550 
Ö.iOSfiO 
ü^0570 
OJÜ510 
Öl 0590 
ö.'0600 
ÜJÜ610 
000620 
ÖS063Ö 
01,0640 
Ov0650 

OuOftbO 
6J0670 
Ü,i0680 
0 .06t)0 
ÜL0700 
Üi'0710 
Ö..0720 
Öi'0730 
ÖJ0740 
Ö'I07S0 
Ö0o7ft0 
ÜJÜ770 
ÖU07R0 
ÖI.0790 
ÖJOSOO 

ÖJ0810 
ÖJ0820 

213 
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IK ! 

75 

BO 

85 

n 

100 

ICS 

nc 

115 

12J 

125 

130 

135 

1O0 

l^B 

ISO 

tr (0«TA-(?.) iNE-; 
ir (IMTAdl .NE. 
ir   ,OäTS(4)    .NE. 

TF (OATACi) 
Tf (DATAIT) 

DATA(«1 

.NE. 

.NE. 

.NE. 

.NE. 

TMi)^*(l.^)=30 
TMnrX(?. 11 =<» 
IMOrX(?.^)=30 
JviOrXO.I )=7 
I»iiKX(3,')=30 
I\lllirX(<..l )=10 
IM0rX(4,P)=3') 
\|riA = 2 
REAndT*'.?'!     (UATAdl .1=1 .»> 
Tf   (OATArl)    .NE.   nLAMiO OtCOnt (1 ;i.f,,DATA (1) )   PXMAX 

aL^Mr(^ oti-n()t(li..f:,.DATA(2))  PYMAX 

PLAMKI nttnnt (ii.f..o»TA(3»)  PPI 

QLAMK) nttniitdi.is.DsTAto))  neu 
QLAMK) nttnnt (i(i.h,n«TA(5))  XLEN 

cäU^IKl    Dt.C0nt(l-1.^.n«TA(6l)    YUEN 
aL^MK)   DtC0nt(l.-i,f,,DnTA(7) )   SCALtX 
pLiMK) öt.cnnt(i(\.ft.n«fA(a)i  SCALEY 

«■3IT-E(IT',.10)   PXMnX.DYMAX.HOI.TIrU.XLcM»VLtN.SCALtX.Sl-«Lrr 
SFAn(tT/..5)     (ÜAf 4f It .1 = 1 .01 
\f   fOAT&rl)    .NE.   RL:«MK)   DtCO'ltd ).^.DATA(1) )   XMINX 
tr    (OATAf?)    .NE.   ^L^MK)    OtCnflt ( 11 .h.OATA (2) 1    YMIMY 
yr    rDATAni    .NE.   nLAMK)   DtCODt ( I >•■ .4.I)AT A ( JM   PROGlüd) 
tr    fOATAC)    .NE.   QLA'IK)    L)tCOnt(l'''.'..UATA('.l )    P><OGI0(2l 

1<.5ITE(IT'-..I0)    X-II-.IX.YMIMY 

OFA'i(IT4.7)     (OATAlTl .1 = 1.0) .MIJAT 

TT = - 
nn M i=i.o 
no ^1 -j=i.? 
n = 'i.i 
IF   rl!   ,r.,T.   1)   r-orO  ai 
IF   (ÜATAM)   .EO.   inn)   r,nTU HH 

6u        IF   ,DATAMT)    .Ed".   Bi AMK)   V2.QJ 
yp I\irirX( I .  I) =0 

r,.TTn   a\ 
93   CAU    RJM<;T   (OATA{Ttl 1 

DECnOE (1 i.ft.OATAItn )    INDtX(T.j) 
Ql        CnNTlMÜE 
SS       'jPtTE(IT^.l't)    ( (T\IDF*(I .J) .J = 1.2) •IM.'t) 

C   INITIALIZE   1'iF   PLOTTFo 
CALi    PLTinscPHOf-In.TMAx.PYMAX.lFO) 

c "Lot HATA BLOCKS 
pc-WINO    ITl 
OTrO. 
IF   (NOAT   .FO.   ISLANXI   fiOTU  q<, 
CALI     RJir.TINnAT) 
I3FC0DE(1".«.N0AT)    N'lA 
IF   (NilA   .Ff).   0)   r,nTo   7(1 

96 10   '-16   1 = 1 .MQA 
SFAnMTÄ.Q)     (INil(  1) .  1=1.40) 
no o7 .j=i .40 
TF    limi  I)    .EO.    T^LS'iK)    9Ö.9Q 

94        lNr)rJ) = 
'"viTo  c>7 
CALI    S.WST(INÜ( Di 
nECoOEd.i.fl.INDlJi )   TNOfJ) 
CONTINIIF 

"(OI'-EdTft.l 1)    NIA. (TMn(K) .K = i .40) 
PF^H(T'T3)    HAT AIM 
CALI    FlLi  (nATAIn.oA^M.IMndOP.l.MN) 
CALi    PAPMPLTIXPT^En..lEO«>JARM,l.NN» 
XDTiXPT»3. 
CüNTlMUE 
C»L|    PLOT(XPT»0..-3) 

C  cTA^T   TME  MATM  OISPlAv  110°.   INTFHP  BEADS  AND   It-iTERPRLTS   IHt  L.1SPLÄY 
C   r.0M«AMD^.    IT   PETUHN'i   9   F( AF,   VALUF   OF   .FALSE.    IK    THE   LAS!   CüMcAND   HAS 
; flFE'l   BEAD. 

F|. A'-.s.T. 
IMOlC=l 

no   ti-i 'Oi K=I.7 
CD0F(K)=4LANK 

liii      CONTINUE 
lMnTX=o 
«D=.5 
tPE«i=? 
CALi    INTFPP(CCOnf:.C'ioE.FLAU.114) 
TF (.NOT. FLAG .AMD. INDIC .rlj. ?) GOTO 2000 
IF (CCOnc .EO. 1) WotTEd'b.ia) (CnDE(K) .K = 1.5) 
IF iCCODF .EO. ?) k|OITFdl6.1<!) (CnDE(K».K = 1.4) 
IF iCCnpF ,EO. 3) W0TTEdT6,ib) (CODE (K) .K=l .7) 

F(.Ä-,1 = .T. 

Q9 

97 

9«, 
71 

Ol/OHIO 
Ö'J0H40 
ÖJ0850 
Ö.ü8f.O 
Ö.ÜB70 
Ü.'ÜHHO 
Ö'.0H90 
Ö;;09Q0 
Öi.0910 
ÖJ092D 
0.0910 
ÖI.0940 
Ö'JU9S0 

0)0970 
Ui..i)9flü 
010990 
i) 1000 
0.1010 
OJ102Ü 
ö'.io to 
Ö1/1Ö40 
0^1050 
0^1060 
0ol070 
ÜJIO^O 
ÖtHO^O 
Ö^llüO 
Ö'^IUO 
ömijo 
öü.dao 
0 'lÜO 
Öi(llS0 
0.11160 
0"1170 
Ö';11?0 
0;ill90 
Öi)1200 
001210 
ÜJ1220 

0"1230 
Ö'J^OO 
ÜJ12S0 
Ö.Jl2fiO 
Ö-1270 
Üd2*0 
Övl290 
0 .1300 
0.1310 
Ö.1320 
ö..mo 
Ö'.1340 
0ul3S0 
0)13^0 
ÖU1370 
ö'Jiifto 
Ö.;1390 
0!.'14UO 
Ö'J1410 
Öi.l4?0 
ÖU1410 
0.1440 
Öul450 
ÖU146Ü 
Üvl470 
01.1440 
ujl4qo 
ÖJISOO 

ÖJ1510 
01.1520 
001530 
0.(1540 
Öi.1550 
ÖolSfeO 
Ö')1570 
Öul5S0 
Öul590 
Ö:j600 
ÖolhlO 
001620 

214 
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i55 

160 

165 

170 

175 

180 

185 

1<»0 

195 

200 

205 

210 

215 

220 

225 

230 

ir   (NH«   .l_F.   0)   f^nTi  c,'> 

PFwrNO   ITI 

Dn  al   1=1.MOA 
PFAndTD 

81 CON-^INUF 
8? IMI)TC=2 

'MIMAIKIPO 
ZMA«*=-1F100 
N^TiOTsCiOpl?»   .no,   n 
NJ^T'RTINSTABT-I 

IF   (NSTAOT   .LE.   H(   f-oTD  7i 
DO   74   1=1.NSTART 
CSLl    »Dl MT3.Dl.n;>.r|->.r)<,,'..F|.ÄGl.l)5.Df,.07,üa,09) 

tr   (.N.   FLAGl)   GntO   100 
74       CONTINUE 
7P       Nlc;KiP=Cni1F(l>   .nR.   o 

N<;KiPiNSKTP-l 
r,0Ti   (Ho.i^o.nOi   rrno' 

C   I 10  =>   I-OMTOHP 

C   120   =->   oESSPrCTIWE 
C   131   =>   DLIT 
C  rOMTOilP-   IF  rONTOURS   «Re   Tfl  flt  NOKMALIZED  OVER  ALL  SuWACtb,   UND   THE 

C  «AX.   AND  MIN.   OVER   »Li    sMR^ACtb. 
HO     IF   (CODE^)   .EQ.   pHHM   .OR.   CnUE(6)   .En.   2MÜN)   GOTO   15U 
l«,8     CALl    RI)1(IT3.NP.MD.7M4X.ZM1N.1.FI. AOl.TlM.AMIN.XMAX.YMlN.vMAX) 

WPlTEIlTf.n)   NP.nP.7M»X.ZMlN»TlM.XMlN<XMAX.yMIN.YMAX.FL6ül 
If   rCnOEftl   .EQ.   T-HMP   .OR.   CnUEC)   .EO.   2HNE)   GOTO   l^U 
CALl     SKID(IT3.NSKTP.rLAr.l.NPl 
IF   (ZMAX   .GT.   Z'"tA»A)   7MäXA = ZM*X 

IF   rZMIN   .LT.   ZMIMA)   7MINA=Z"1N 
IF   (FLAfil)   GOTO  IfO 

140     PFWTND   IT3 
FLAr,l = .T. 
IF   (NDA  ,LE.   0)   r,nTn   14S 
00  "3  1=1.NOA 
RFAn   (IT'') 

81       CONTINUE 
145     1F(MSTAPT   .LF.   0)   GOTO   150 

00   '15  I^l.NSTART 
CALl   f"'! (IT3»DUM1.0IIM?,nUM3,nUM4.4.FL»Gl,DUM5.DUM6.L)UM7,nUM8. 

♦OHMa) 
115     CONTINUF 

1^0     GOTO   (15S.250.3S0)   CCOOE 
C  NEXT  FIIL  THF  7-ARR«Y.OFTERMlNt  CONTOUR  LFVELS  ANU  DRAW  THt  r.UNTOUR  MA 

IS5      CAI 1    RDl(TT3.NP.Mo.7MAX.ZMiN.<;.Fl_AGl.TlM.XMIN,XMAX.YMIN.YirtAX) 
IF   (.NOT,  FLAGl)   GOTO   100 
IF   (C0DE(4)   .EO.   ?HOM)   170.1HU 

170     CALl    CLEV(C0DE(3).ZMAX.ZMIN.ZIEVSI 
GOTO  l^O 

1«0     IF   (COOECt)   .EQ.   ->HM«)   ?0U«21« 
20Ö     7MAX«ZMAXA 

7MIM»ZMINA 
210     C=lnO./(7MAX-ZMIN) 

00  '20  J^I.MP 
DO  '20   I=l.NP 
Z(I,J»=(7(I.J)-?"TN)»C 

2'0     CONTINUE 
CALL  CLEV(C0DE(3),ln(!..0'.riLEVSI 

IQO     XLEMl=AMIMl((MP-l)/ooI.PYMAX-l.) 
YLEMUAMTNI ((NP-1) /PPT .PYMAX-1, ) 
IF   (CODF(S)   ,EO.   ?Hsn   .A.   INDIX   .EQ.   1)   GOTO  205 
CALl   CFR»ME(IN0FX.ZMTN.7M*X.CODE('.I.NP.MPtTIM.PPI.l00.»6..0.. 

♦ XMlN.XMAX.YMIN.YMSX.OATftlN.Xl.tNl.YLENl.CCOUE) 

INOTH=l 
2()5     SYM=SYMRL<TIM) 

NX=TN0EX(?.2) 
IF   (NX   .FQ,   0)   GOTO  ??? 
CALl.   SYMRnL(XLENl*XP,RYMA»-l.»..lE0.OÄTAlN(INDEX(2.1).D.O..NX) 

ROTO  223 
2?2     CALL  SYMflOL(XLENl.Xo.PYMAX-1.1..1E0.<»HPAR*METER,0..9) 
2?3     CALl    SYM«OI (Q99F0.<'<5''E0.. lEO'SYM.OEO» 10> 

CALl    r0NT0R(NP.MP.C0nE(3)«iLEVS.BLANK.XLENl.YLENl.XP.P*MaX-1.2) 

IF   (C00E(5)   .NE.   ?H?;o)   GOTO  315 
XPsXP**. 
IPEM*IPEN*1 
IF   (IPEN  .GT.   3)   TP'^M'l 
CALL  NEWPEN(IPEM) 
GOTO  196    , 

215     CALL   PLOT(XLENl*l?..0..-3) 
106     IF   (FLAGl)   195.10^ 

OU1630 
0^1640 
0^1650 
(1^1660 
Öul670 
Ö''16ft0 
ÖU16R0 
ÖJ1700 
ÖO1710 
()ul720 
ÖU1730 
ÖJ1740 
ÜL.17S0 
Ö'il76G 
ÖU1770 
ÖalTBO 
ÖO1790 
(K1800 
ÖolRlO 
Ö .11820 
Öv.lB30 
ÖJia40 
ÖJiaso 
Ü'J1860 
001870 
ÖulBflO 
001890 
ÖUI900 
001910 
ÖÜ1920 
UU1930 
Ü01940 
ÖU1950 
Öol960 
Ö01970 
ÖU19R0 
011990 
0U1991 
ÖIJ1992 
ÖU1994 
Ö01996 
001998 
Ö02000 
öuaölo 
ÖÖ2Ö20 
002030 
002040 
Öü2050 
0^2060 
002070 
ÖÜ2Ö80 
Ö02Ö90 
ÖU2100 
Ö0211O 
Öu2120 
012130 
Ö02140 
Ö(J21S(I 
ÖO2160 
ÖU2170 
ÖÜ2180 
ÖÜ2190 
ÖÜ2200 
Ö02210 
002220 
ÖÜ2230 
Ö112240 
ÖU2250 
ÖÜ2260 
ÖÜ2270 
002280 
002290 
ÖÖ2300 
ÖU2310 
ÖÜ2320 
ÖÖ2330 
002340 
Ö02350 
Ö02360 
ÖU2370 

:  I 

215 

SSSSÄiSSfäiEHÄÄSiMli^^ 



Pip-r^^wp»*^*^^^ ,.^,,,.^„ 

235 

2<.0 

2^.5 

250 

255 

260 

265 

270 

275 

280 

290 

295 

300 

305 

310 

SCALING hACTORS FOR THE DISPLAY bt CALLING 

135 CALI SKIo •tT3'NSKTP.irLAGl»NP) 

TF !F|.Ar,ii 155. inn 
li6 \f   (CODF'5) .NE. PHSD) r,OTO 100 

C«t.l NEWPENI?) 
CALJ PLnT(XLENl*Xo««..nF0i-31 

r,6Ti 100 
C START Or PFR^PECTIVF nLOTS. FlWST FIMO ZMAX.ZMIN FOR N0KMAL17ATION IF 

C MOOMAltvATIOi IS OVFR Al L SHRhACFb. 

|?0 G-ITI llf! 
2CQ  DÖf.lA. 

IF (MP ,r,T. NP) GOTO IPfi 
l(LE'll=:5.«MP/FL0AT(^D) 

YLEM1=5. 

tihln  i00 
S^O  yLe',a=5.iMP/FLOAT (MO) 

XI.F.'■'1=5. 
C THF MFXT TASK" IS TO FTNT 
C FACE »HTH A r.FCTANGLE FMMCTTON. 
4^0  k)Ul-NP»l 

MP1-MP*! 
MD?-Noi-n 
MD5-MP1»! 
XP = iiP?*»? 
y3=MP2»»7 
H=SnftT(X^*Y2) 
tHET>l = .7853Si81ft4 
TMetÄ2=CnDE(3)/lAn,»3.r41b92^b 
X = ,c»nP?-tH»CnS(THFTA7) 
Y=,'-»HP7«H»SIN(TH!rT!\3) 
Cl=.5»H 
C»Ll    1PL4CE(XP.YP.X| FN1.YLtNl.C0nE(3) ) 

C  THjS  SU°ROUTTME  F1NI.S   THF   onlNT   Al   KH1CH  TO  PLACE   THE   VIEW-AMULE 

C  iRROii 
On  '60  K=1.NP2 
7(K.1)=7(K.MP2)=:0. 

2fi0     CONTIMUF 

00   '70  K-P.MPl 
7(NO2.K)T:7(I .K)=0. 

270     COMTlK'UF 

210 

C   tF 

2Q0 

no '8o i-2 
DO   '80    l=? 
7ri.J)=ci 
CONTINUE 
SWI^.E. 

S-IT   iS  OF^ 

.NP1 

.MP1 

(.F.)   THEM  FACE  RETURNS  XMIN.YMIN.DX.DY  ONL*   Atxiü  ODES  NO 

C  DLOTTTNS , ' 
C»Ll    FACF(X.Y.H,TMETAl.THt.TA?«n) 
SWTr.T. 
WPITEIIT«,.?) XMIMF.YMTMF.OX.OY 

2   F0R"ÄT(1X.'«E15.5) 
C NO« FTI 1 DP THE Z-APRaY . ,     . 

RDiaT3.NP.MD,7MAX.ZMlN.J.F| ARl .TlM.XMIIM. XMAX, YMlN, VMAX) 

MOT. FLAG!) GOTO 100 
2HMF> GOTO 

CALl 
IF  (. 
IF fCODE(4) 

7MTM=ZM;IMA 
7MAy=ZMAXA 

MOW DRAW LARFLS.ETC. 

.to. 300 

30 

3)0 

C=C>/(ZM4«-ZMIN) 
nn '10 )=?.MDl 
00 '10 K=2.NPl 
7(t(,J) = (7<K.J)-7MTN)»C 

CONTINUF 

oo= 1»AM«X0<MP«"P| 
CALL r,FRAMF(TNOFX.Z"iTN.ZMAX.CUDE('t).NP.MPtTlM 

♦ «Mi..i,!(M«x.YMTN,YM»x.nATAlN.XltNl.YLENl.CCOUE) 
CALl ARPow(XP.YP.fC00E(3).10HVTEW AMGLE.IO) 

.MPtTlM«PP.C1.6l|-0.Itü. 

XDT=XLEN|*AE0 
YDT^-lEO 
CALl PLOT(XPT.YPT.-'t 

C MOW DRAM PERSPECTIVE DISPLAY 
CALl FArF(X.Y.H.TMET«l.THtTA2.0) 

CALl PLOT(12FÜ«nEn«-3> 
IF (F| AGI) 32Ö.100 

3'0 CALl. SKTo(lT3;NSKTP.FLAGl»NP) 

c <a»RTF0F X-Y'PLOTS! FIRST FJNU ZMAX.ZMIN FOR SCALING IF SCALING IS 

C oVFR ALL SURFACES 

"o  CALL ■"l(IT3.NP.MD.7M«X.ZMlN.2,FiAGl,TlM.XMIN.XMAA.YMlN,YMAX) 

TF (.NOT. FLAGU GOTO IdS 

0W2380 
0^2340 
Öu2't00 
ÖJ2410 
002420 
5v;2430 
ÖM2440 

Ö02450 
ÜU2460 
002470 
UJ24H0 
0 02490 
0^2500 
ÜÜ2510 
ÖU2520 
ÖÜ2530 
0^2540 
002550 
002560 
ÖO2570 
002580 
ÖU2590 
ÖJ2600 
ÖJ2610 
002620 
Ö02630 
ÖU2640 
ÜU2650 
002660 
ÖJ2670 
002680 
ÖU2690 
002700 
Ö02710 
002720 
002730 
ÖC2740 
ÖÖ2750 
002760 
ÖU2770 
ÖU2780 
ÖU279D 
002800 
0^2810 
Ö(i2B20 
002830 
ÖU2840 
ÖJ285Ü 
Ö02860 
ÖO2870 
002880 
002890 
ÖJ2900 
Ö02910 
Ö02920 
Ö02930 
Ö02940 
ÖO2950 
0Ö2960 
ÖÖ2970 
00 2980 
002990 
ÖU3000 
ÖU3010 
003020 

0Ü3Ö30 
1)03640 
Ö(i3Ö50 
8Ü3060 
003070 
Ö03080 
ÖU3Ö90 
0Ü3t00 
003110 
003120 
003130 
003140 
003150 
ÖU3160 
ÖÖ3170 

216 



....   ,,,,.. . .;       .     ,,,..; 

31 = 

320 

32S 

33? 

33^ 

34.1 

IP   (unuFCi) .to. 5H».|P 1 r,OTÜ   3<0 
IP   (COOPffi) .EO. ;»HTO) GOTO   T/o 
7v(j..ir7MT,\|A 
7May=7Mftya 
CONTINÜF 

TP (COüF:/7I .NE. 7H=;D) xs=rs=u. 
3"'9 

C«Li    PLnTTKTICH.qC»! FX.S^ALFT .XI EM.Yl EN.TIM.NP.MP. ITb> U'UEX. 
♦ nATAlM.XMlN.KMA'.YMTKI.YwaX.XS'yS.ZnIN.ZMAX.CODE.XMlNXiVMTNY) 

IF    ffl.nfill    SBO.IO^ 
3^0     CM\    SKIn(IT3iN;KlP.PUAipa>NP) 

IP   fFLAfii)   3'51),10l:; 
lr.5     TP   fCOOHIT)   .EO.   5H<;D)   CALL  PLOT(XLEN.6.t0.i-3) 

xS=vS=U. 
nnm  100 

2?00  CM.!    EMDOL.T 
1«,       pnc)MAT(l«.?l5.3x,fll .PI^^X.A^.aXAZ) 
m       ropjAT l'rx.3IS.3X»s2.3XA?;) 
14       PDP-ATdX.fllS) 
H  FORMAT (lx.?I10/tX,'»r,io.'/l<<3Ul 0.2.Lin) 
17       FnOMAT(lx.?I5.3«.r,ln,2.3XfA?, JxÄ?i3XA7) 
11   P0P"AT<lx.I5.'t('IXMITS) ) 
JO   pnOuAT(li<.''G10.'/iX,4r,lC.2) 

q    FnP..AT(41A?) 
a  pofl^ATdio) 
7    P0R>'AT<Q1S) 
h    POP'AT(EIO.O) 
5    PnB'/AT(flAlO) 
4    PO»uAT(A10) 

PVT 

0Ü31B0 
ÖU3190 
ÖÜ3200 
003210 
003220 
ÖU3230 
0332*0 
0U3250 
Ö03260 
0Ö3270 
ÖÖ3280 
ÖÜ32<J0 
ÖÜ3300 
ÖÖ3310 
ÖÜ3320 
Ö&3330 
003340 
ÖÖ3350 
ÖÜ3360 
ÖÜ3370 
ÖU33flO 
003390 
ÖÖ3400 
ÖU3410 
ÖÜ3420 
ÖÜ3't30 
SÜ3440 
003450 
003460 

E.2    Subroutine PLOTT1 

lu 

15 

Zf) 

30 

35 

SllfloOUTIME  PLOTTl (TlCII,SCALXX.SCALYY.xLEN.rLEN.TIM.NP.MP.IT6. 
♦ TMOPX.DATAIN.XMTNX.XMAXX.YMINY.YklAXY.XSS.YSS.ZMTNtZMAA.CnUE. 

♦ H-'IMXX.Y'.ITNYY) 
OIMcNSlnM PTITLF(^).TITLE<b),XTITLE(5).VT1TLE(5) 
OI'iPNSIflM   tNnEX(4,2i.nATAlN(iyOO).XARRAY(101).YARHAY<10ll.COOE(7) 

CflMMON  7(103.103) 
C   IM  THP  rlR^T  PART ■■ÖF   oLOTTl   THt   cOORnlNATP  FRAME   IS  DRAWN  ANn 
c TITUTO. IF c^nFc?) is DM THEN SCALING IS OBTAINED FROM THE LKt«. 
C nTHEPui^E SFAI INO IS nOMP BY SUBROUTINE SCALE. 
C THF IMDFX ARnAY IS IISFD AS IN SUBROUTINE cFRAMt TO OBTAIN VAplOUS 
C TlTLUir, INFORMATION. THP DLOT Y-AKRAY IS OBTAINED FROM Z(UJ» AS 
C vAPRAYl )=Z(..N) IF CoDF(3)=X ANn AS YARRAY (.)=Z(N«.) IF CbüF(3) 
C =Y. WHERE N cTAPTS AT ConE(4) AND IS INCRFMENTEO BY C00E(3I. THE 
C CALL RL-iTTl MUST SUDP| Y THE FULLOWINr, ARGIIMENTS- 

MT = rOOE(<.) .OR. 0 
JF (C0l)E(7) .EQ. 5HSD .A. XSS .NF. 0.) GOTO 430 

XS=YS=Ü. 
370  YMIM=YAPRAY(1)=7MIN 

Y»RPAY(21=ZMAX 
C«Ll SCAI F(YARRAV.YLPN.7.1»20.«YMINl«n£LY) 

IF (COOFII) .EQ. 1HX) 3R0«-»90' 
300  XMI»!=XMTNX 

X«AxsXMAXX 
OMInrYMIMY 
OMAx=YMAvY 
nPLv=(X«AX-XMINl /iHAXOd tMP-1 I 
DFLOSIPM'X-PMIN)/AM»Y0(I»NP-1) 

00 T82 1=1.MP 
XARDAY(n=XMIN»(I-l)»riELX 

CONTINUE 3a2 

5"5 

NX = iNOEX r3.2) 
NM=(N/*cn /10 
IP (NX .ME. 0) GOTO 505 
NX = 7 
XTITLE(1)=7HX-VALI)E 

GOT" 500 
TT=lNOEX(3.1) 
00 ->84 I-l.NN 
XTITLE(I)=DATAIN(TI. 

003470 
ÖÜ34R0 
ÖÜ3490 
ÖÖ3500 
ÖÜ3510 
ÖÜ3S20 
ÖÖ3530 
ÖÖ3540 
Ö03550 
003560 
ÖÜ3570 
003580 
003590 
ÖÖ3600 
ÖÖ3610 
ÖÖ3620 
ÖÜ3630 
ÖÜ3640 
ÖÖ3650 
003660 
Ö03670 
ÖÖ36B0 
003690 
003700 
963710 
ÖÖ3720 
ÖÖ3730 
ÖJ3740 
ÖÜ3750 
003760 
ÖÖ3770 
ÖÖ3780 
ÖÖ3790 
ÖÖ3800 
603810 
ÖÖ38Z0 
ÖÖ3830 
ÖÖ3840 
ÖÜ3850 

^^P'^äP^Wä^Ä^ll^il^Äi^S ^^ 



*s 

50' 

55 

6,(1 

65 

70 

75 

R0 

«(i 

■jy 

loo 

105 

11 f 

115 

M-TI*1 
3«"»     CONTlMUP 
SnO    NTsiNilEXC.a» 

MMs(NT»at/10 
If   (NT   ,«F.   0)   RfyTOAl-S 
MT = 7 
TTTl E(1)=7HY-V»LI)^       ,;,;,; 
r,6Tn 51') 

515     ri=TMOEX(*tll 
00  ^86   1=1»N^ 
TITl E(I)-DATAIN(IT»11 
n=ii»i 

306     CONTINUE 
510     w^zHP 

floTi  400 
3.10      XMt'',sTMlMY ■ 2'A 

OCLV=(XM'H-XHIN)/AM»»0().NP-l) 
!-)FLD=(OMjx-PMlN)/(lMftX0<ltMP-l ) 
On  ■>')?   1 = 1.NP 
XnRoAY(n=XMIN*(T-11»ÖELX 

W     COMTINUE 

MX = iNi)EX(<..2) 
MN=(Nx»q>^io 
IF   (NX   .'.'E.   0)   r-OTO  q?5 
igxiT 
XTlTLE(n=7HY-VALi|E 
r,oTi 52n 

5PS     tT='N0eX(4.1) 
00    l1»*    lr;I.NM 

'■XTITLE(II=OATAIM(II,V) 

n-Ti»i 
39,4      CONTINUE 
5'0     NTstNOEx(3.2) 

NM=(NT»O)/10 
ir   (NT   .MF.   0)   'SOTO  <=.^ 
NTST ,    ■ 
TTTl E(1)=7HX-VAI tlr 

'   'ROTO  530' 
5T5     TI=TNOEX(3.1»' 

00  196   T = r.NN 
TTTi E(I)=nATAIN(TT«M 
TT='I>1 

306  CONTINUE 
Sin MOT^SHP 

; Ml   I'JS'IP 
4(10     C«LI    SCA| E(XARRflY.XI FM.MPlb.li20.tXMlMl.0ELX) 

.-w,r      NY = lNOEX(1.2) 
SM=(NY♦,»^ /10 
IF    (NY   .MF,   (1.1    ROTO   545 
NY=7 
YTlTLE(1l=TH?-«ALnE        , 
OOTo  540 

S'.s   n=iNOExa.i) 
00   410   1=1.N'l 
YTlTLE(II=nATAlM(Tl.I) 

It=il*l 
4(0      CONTINUE 
54Ö     Na=lNOEX(?.2) 

IF   ,NB   .ME.   0)   r,(lTn  55=; 
NN=(N8»P1/10 
NUiiO 
"TITLE (I) =10UPA''AMETFP--- 

r.oTn   551 
555     IT=TNOEX(?.1) 

00  '.20   I^l.N'J 
oTI,TLE(I.)=nATAI:W(Tl.1) 
M=-rI»l 

450     CONTINUE 
550     isY'<=0 

M=CoOE(5)   .OP.   ') 
■TS»ITCH=3 

IF (COOFIA) .EO. ^HOM) ROTO 4J0 
r<;«iT6.i=? 
5CAl,EX=OF(. X 
yMI^sKMINI 
«CAI EY=nFLY 

218 

003860 
Ö0387O 
003880 
0113840 
003900 
Ö0391O 
ÖÜ3920 
ÖÖ3930 
Ö03940 
003950 
Ö0396O 
003970 
ÖÜ39B0 
Ö&3990 
ÖÜ4000 
ÖÖA010 
004020 
ÖÜ4Ö30 

0114040 
ÖU4Ö50 
004060 
ÖÜ4Ö70 
004080 
004090 
004100 
004110 
ÖÜ4120 
ÖÜ4130 
Ö04140 
ÖÖ4150 
ÖÜ4160 
004170 
Ö04180 
5Ü4190 
ÖÜ4200 
ÖÖ4210 
ÖÖ4220 
ÖÖ4230 
ÖÖ4240 

004250 
004260 
004270 
004280 
ÖÜ4290 
ÖÜ4300 
ÖÖ4310 
ÖÖ4320 
ÖÜ4330 
OÜ4340 
ÖU4350 
Ö04360 
Ö04370 
004380 
ÖÖ4390 
004400 
004410 
904420 
004430 
004440 
004450 
ÖÜ4460 
004470 
ÖÜ4480 
ÖÖ4490 
ÖÖ4500 
ÖÖ4S10 
ÖÖ4520 
004530 
004540 
004550 
0Ö4560 
004570 
ÜÖ45B0 
ÖÜ4590 
ÖÜ4600 

004610 
Ö04620 

ÖÜ4630 
004640 
004650 

:t;tf»a».ist; 



jmu.i.. .1.l,u,Mi.Mv»rt:.i..»,l..«ii^M...   .- -.—.-..,>.— 

:  : 

126 

1?5 

13A 

135 

1*0 

its 

isr, 

155 

l<iu 

lft5 

170 

ns 

Irt.j 

1B5 

19.-; 

1<3S 

215 

4^5 
210 

C   ?T-WT   0=-   W   DLOTTTN'-,   I, on? 
4T0     l'r   m   .r,T,   NJLIMI   nOTri  '»iO 

Tt   (CODf-'''»   .EQ.   IHV)   r.oTO  i^U 
00  'iSO   i = liMlJTS •„,, 

«.'.o   coNTiMuir 

4^0     Of)  '.SO   I = 1.NPTS 
y^Q-MY (T1=7(M.I) 

4a0     CONTlUlIF 
4''Q     C'lPvEsPMIMMM-nttnEl o 

If   fCODcf?)    .ME.   ^H^o)   GOTO   udS 

Trw-CIJRV^ 
OPuE-TIMT 
Dl   ?1S  1=1.5 
Tt«T-PtlTLE(T) 
PTITLF. (Ii=TITLE(IV 
TTTl E(IV=TIMT 
cnMTi-.iUE 
TTMrs.JB 
HtSsÄ 

If    (XS5   .ME.   0.1    r,0TO   ?00 
^nTr   (2ni.?20t?10.2!lft)    IS*TCH 
CflU    Pl.UT(XS.YS.3) 
TS.ITCH=4 

y/: = vS=i). 
SCAvsTIC'i/SCiLXX 
=;civ = TICii/SCBLYY 
EMCoOEdi.l .rSY tR)   y-IMVY 
C.M i    SYM'ini (-.l.flc[i..)Fn.iSYMö.|}o£o»ln) 
Calf   SYMqni.(XS-.?rO.VS*1.2tO.,,.iEQ»YtlTLei9U£O.NY) 
C4|.i    S'YMtiO|_(9c>'5;--Ö,-<)qo':'0..1tÖ.iOH   SCALr   IS   ."9ÜE0.10) 
EMC'iOE (1 i. 1. T SY'vfl)   SCAtYY 
CALi    SY'<^0L<q''I'';fi.,ioaEi.i..lE0.1SV''B-'J0FÜ»10) 
CAI.I' sYMinL('*9!'':'o.'5^°Fc..ifca.iOH UNITS/TIC.90Eu.li) 
EMC-iOEd^.l'.TSYMR)   yMlMxx 
CAU    SYMinLfOEO.-.?-.'..lEU'I^YMH.OEOMO) 
C»Li    ';Y'ii'JnL(l.H-,5.-.''rfl».»Efi.'(TITLE.«0FU«NX) 
CALi    ':;YMPnL(499-0.l?'3oFn..lE0.10H   SCALF   IS   »UEOWO) 
E-ICoOEd'-..! .ISY iRi   cr/il.XX 
C.Mi    SYM-JOLM01»^- O.P!5':>E0..1t0.1SY''.B.OEn»lö) 
CSLl,  SY'(.iaL(<i,V'5tr0.<''3'3E')..it0.10H  UNlT^/TIC^üEO.ll) 
GaLi'   PLOT(0E0«iJfi.3( 
YOT-O. 
f>1   '00   I=ltlO0Ü')0 
M=I 
XOT-I»TI'-II 

fr   (XPT   .ar.   XLcMi   r,nTO   luOO 
CM,I     PLOTIXPT.Yt'T.?) 
GILi    DLOTIXPT.YPTt.i.?) 
Cat'    PLOT(XPT>YOT.2I 

I'^O      ClWl'lUF 
IflÖO   XOT-(-4-!)»TICU 

On   'lli   ! = !.10000 
N = T 
YPT=r»TKy 
TF   (YPT   .GT.   YL'-'W)   ^OTO   1010 
G4.LI    PLI'rrxPT.YPT.?) 
CMl,   PLOTtxPT-.i .yPT.?) 
CALi'   Pl.OT(XPT<Yi'T.?» 

110     CONTIMUE 

I'lfl   voT=(M-ll»TICU 
XOTT=XPT 
TO   '2S   1=1.10063 
<M = T 
XPT-XOTT-T»nCÜ 
T,F   (XPT   ,LT.   XSI   r.QTn   \n2J 
CAU    PLnTfXPTiYcT.?) 
C4Li    PUOKXPT.YPT-.i.?) 
CAU,    PLOT(XPT.YPT.?l 

l?p     CONTIMU'F 

l'i20   YDTTSYPT 

<=TrXS 
CiLi    PLn:(XS.YPT.P) 
CiLi    PLOTfXS.YPT.-i) 
■n >3i-i 1 = 1.1000.". 
YoT-YPtT-tftTTCU 

0  4ftft0 
Ö.4670 

Ü.i4700 
ÜJ4710 
Üü4720 
ÜO4730 
004740 
0^4750 
Ö547fj0 
004770 
0^4780 
004790 
014800 
0..4ai0 
004820 
0ü4830 
Üu4840 
004850 
öv4860 
0;;4870 
0i4880 
0^4890 
ÜJ4900 
01.4910 
IK4920 
0.4930 
ÖÜ4940 
004950 
Öo4960 
ÖJ4970 
0i.49Aü 
ö»499ü 
OJSOOO 

OvSülÜ 
Ö;l5Ö20 
SJ5030 
005040 
005050 
ÜJ5060 
005070 
Ö.;5ü80 
0:5090 
Ov'5100 
ÖÜ5i;i0 
Ü,.'51?0 
0-5130 
ü-5140 
Ö-/5150 
ö.)51ftü 
0,15170 
ÖJSlfiO 
Ö^SIPO 
00520 0 
0.;S210 
0^5220 
0'J523O 
0^5240 
0J5250 
öitsaS'o 
Ü'i5270 
ÖJ5280 

O053OO 
Ö.,>5310 
0 ..15320 
Öu5330 
005340 
Öu5350 
00:5360 
ÜÜ5370 
Öii53H0 
0..'539O 
0..54ÜO 
üJ5410 
O'OSfeO 
005430 
0^5440 
0u5450 

219 



1 

!■: 

%<:-> 

200 

205 

210 

215 

220 

2?5 

230 

235 

240 

2'.5 

250 

255 

260 

265 

IF   (Y"T   .I.T.   YS)   SOTO   103U 
C4LI    oLnT()(PT.YDT.2) ,      .     : ,:   : /   I      ' 
C«L|    oLOTCXPT». 1 .VPT.?) 
CftLl    DLOT()(PT.YPT.2l 

no     COMTl.MUE 
llJfl  CALi.   PLO-"XS.YS.?> 

noli   ?30 
2'0     C«Ll.   PLnT(XS.yS.3) 

ISWTCH=I 

r^LI    AXTCIXS.YS.XTITI F.-N*»XLtN.0E0.XMlN.SCALE*.20.) 
Cat i    &XT<;(XS.YS.yTtT| E.MY'YLFN.90E0.YMlN.SCALEY.2ü.) 

C  MEXT   OLOT  PJOAMETER   AMD  rliRVE   TITLES 
2^0     CALL   syM'JOLlAS^lFl.vS'YLEN'.P'.l^O.PTlTLE.OtU.NB)     .-r 

SYM^SYMBI (TIM) 
CALI    sYMBI1L(49<>^O.c>T3F0..1tO.SYM.qe0.1ü) 

XSS = X| r'N»lF0 
Yc;S-YI FM-1E0 
CAIJ    SYMBOL (XSS.Y<;S..lF.0.1ITLt.0E0.NT 1 

C  ^LDT   rijn>VE 
2nu     n.iLi   OLr)T.(OEO.üro.3\ 

r,/no   (?/.i.?'.0.2^0.?^1l   1SWTCM 
2i0      TALI    LI^IXARRAY.yA^oAY.N^IS.l.S.ISYM.XMIN.SCALEX.YMIN. 

♦ SCAi EY..^7I 
mm nsn 

2^0     xn = <'Q=-,l 
X| c^sÄLFM».! 
V| fM=ytFN*.l 
T.P=j 
no lib I-I.\|PTS 
\!=I 
«3T-(l<AOOAY(I)-XMTN<»>"SCAX 
VoT-iyAOTAYnl-Y'MNyv^'^CAY 
ir   ;x0T   .r,E.   KQ   .ANn. ■yoT   .r,F.   Yn   .AMn.   YPT   .LE.   YLtM)   bnTU   1ÜA0 

l^.'J     cn^Tl'-IUF 
..|>'ITEMT«,.?) 
r.oTo   lOS.i        , 

2 FnOMÄTd«.»  NO  PflTf^T«;  P|_0TTEn»» 
lfi<»j  IF   (ISYMI   l07ü.iri"'0.1CBn 
1^70   C«Ll    PLnilXuT.Y^T.I0! 

mia   106". 
I'iBQ   CALI,.   SYMmL(xPT.Y.-'T..l .ISYM.1..-I) 

IF   (N  .r,T.  MPTSI   '-.nrn  la5o 
yoxr (YAPPAY (M)-y'i,iNyv>»c;CAY 
jr   ,YPT   tr,T.   YL^M   .00.   yPl    .1.1, 
XQT^iXAO.oAYfMl-'M'NXO'cGAX 

YO)   finIO   lUbi 

<0»   r,oTO   lUb5 IF   (XPT   ,r,j.   XL-""!   .OJ.   xPI   .1.1. 
r,oTn   I04ri 

ll'65        ?0=r3 
nnTo I06i 

lo.Sf)   IF   (ISYM   .LT.   0»    TSVH=11=; 

Y<;S=YSS-,15 
IF   (YSS   ,RT.   0.1   AdTO  ?60 
YSS^YLEN-l.IS 
Xc;s-KSS»'. 

?60     CALL  SYManL(XSS.Y<;S..lF0.ISiYM.0EO.-l) 
CALI    SY"'PnL(<'9<S!-0.''at5F0..1tO.«!H     .OEu.2) 
FNCoOEdn.i.ISY««)   ruPWE 
C«L|    syMnOL(c»l»,»F0.qQqE0..1t0.1SYMB.0En.l0) 
{<;VM=«Or)(ISYM*l.n) 
IF   (C00F(7)   .EQ.   ?H<;D)   ROTO  ^60 
M=M.MT 
noTo  *3fl 
XoT = l<LEN.6E0 
CALI    PLOT(XPT.0F0.-31 
RFTliRM 
FnflviAT(GI0.3) 

440 

560 
1 

0^/5470 
ÖU5480 
ÖÜ5490 
ÖoSSOO 
Ö05510 
005520 
Öb5530 
Ü05540 
0^5550 
oOsseio 
Ö1I557 0 
Öu5580 
Ö'..5590 
ÜUS600 
ÜU5610 
0,*5620 
ÖM5630 
Ü-.'S640 
ÜU5650 
Ü05660 
ÖO5670 
Ö,i5680 
Ö.iS690 
ÜU5700 
Öu5710 
ÜJ5720 
Öü5730  . 
Ü'J5740 

Ü'J5750 

Ü.,576Ö 
Ö''5770 
UI,57RÜ 

Ö>;,5740 
Ö.5B00 
ö,>5810 
Üü5B20 
0^5830 
DJ5840 

OJSSSO 

0I.5860 
Öv5e7ü 
Üv-^SBO 
ö^sqo 
ü 15900 
Üu^^lO 
0(5920 
Ö J5930 
ü-,5940 
ÖU5950 
0.5960 
ÖJ5970 
Ü"59«0 
Ö'JS990 
üi>6U00 
Ö-6010 
U.>6020 
0^6030 
Öy6040 
0^6050 
Öii6060 
ÖO6Ö70 
Üv60«0 
006040 
006100 
ÖU6110 
ÖW6120 
0^6130 
0-.16140 
ÖiJ6150 

220 
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E.3   SubroutiiM PARMPLT 

C   THIS  SUoROUTTNE  DL0r<;  N  oiPAMtTEPb   IM   IPAPM«   SIAHTIMG  AT   LOCaFION 
C   <S.YS.   Ml   IS  THE  HElfiHT   Of  THE  UITERS   (IMCHES»,NS   IS   THE   «STARTING 
C  LOCATinn   ••   TM  PARM  AT  WHICH  TO I ÜOK  FOR  TATA  FÜR  PLOTTING. 

niM^NSIOM  PARMd) 
If   (N   .LT.   0)   GOTO  ■"\01 
XDT=XS 
yoT=vs 
NS1=NS-I 
no  100   1=1.N»2 
IT=»jSlfI 
C*LL.   SVMnnL(XPT.ypT.HT.oAHM(Ti) vOEOtZ.n) 
YaT=YPT-?.»HT 

1^0     CONTIKIUP 

20Ö0   RFTnRN 
:/'.:'  EMD:   - 

Ul'6I60 
ÜU6170 
006180 
ÖU6190 
ÖÜ6200 
ÖJ6210 
ÖÖ6220 
0J6230 
Ö'J62^0 
üi)6250 
ÖÜ6260 
ÖU6270 
006280 
006290 
Ü06300 
ÖÖ63Ur 

: 

w: ■ ■ 

10 

15 

20 

25 

E.4   Subroutine FILL 

SIIÖPOÜTIME  fILLrnATAIM.PA«M,lNDEX.ISl7E«NS.N) 0Ü6320 
C  THTS  SURROUTTNE  SELFCTS  DATA  FHOM  f)ATAIN( TSIZt.3)   AND  PLACtS   IT   IN 006330 
C   ?-D   AQR.1Y   PAPM   STARTTMG   AT   NS   ACnüHOING   To   NUMtJEKS   IN   INOtA.    THE 006340 
C  P»PM  vAi UES   ARE  CHACTfR-sTPINGs  SUITAHLE  fOR. PLUTTING. UJ63S0 

OTMrNSION   OATAINM) .RARMdl.TNDEKd) 006360 
enUyVALFMCE   (IF.FT) 006370 
n = 5»rgS-T 0J6380 

On   '00   1 = 1.<»0 Ö063<J0 
K=iMOEX(r> o^oo 
If fX .Fn, 0» GOTO IPO : 006*10 
IT=Tl»2  '                                                                                                                                    '          006420 
K1=«-»TST7F ÖO6430 

:'      K?=wl«IST7E        . 006*40 
FT=^ATAIM(K2) 006450 
OAFKt(II)=OATAIN(iOl 0116460 
IF   (IF)   1000.1010.IflPO 006470 

1000  ENCnOE   (10.1.PAiVMdl*!))   UAT&1N(K) 006480 
GOTO   100 006490 

lOlO  ENCODE   (Ifl.2.PARM(IT.lM  üATAiN(K) 0O6500 
Gf.To   10.-. 0O6510 

m20  ENCODE   (m.S.PAPMdt.D)   UATAIM(K) 006520 
lOO     CONTINUE 006530 

"     Msll                                                                                                     . OO6540 
RFTnRN    '                             ■                                                               '.-•^, '006550 

1 FOR>.*T<Ä10) Ü06560 
2 FoRMATtTIO) f^Mi 
3 F0H'.'*T<Rin.3) 006580 

fMD                                                                                                                              :    ,    . ■   006590 

alÄÖÄ' ^^&^0^&^^iMM^&ß^^MMßff^WißW^^^Mi HSsi 

f.; 

i    a 

y 
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1ft 

15 

2" 

2S 

3ft 

35 

45 

65 

70 

E.5   Subroutine CFRAME 

SlIrtrjÖUTTMF   CFRA-'F, (TunEX .ZMlN.^MAX.CODFtNP.MP.TIM.PPl •C.X^.YS. 
♦ yMT-i.XMaY.YMIM.vMaX.TnTÄlN.XLtN.YLEN.r.COOt) 

C: TNDEX   \'\   ft   '-O  AORAv  nF   TMTFGtRs   »IN  SE0ÜKNCE),  DENOTING   THt 
C   c;TsRTTN--  LOCATTOM  Awn  W')M«ER  Üh   wUWDS   IN  nATAlN  CONTAlNlNu   Int 
C  FOLLOi.iIi.'R   ligrOPMATIilM- 
C   I.1      FUNCTION   TITLE 
C   1.?     F.rlTLE  l.FNRTH   (uOt'OS) 
C   3»1       DAriA^ETFP   LABEl , 
G   5t?  u_u*B-:L  LEWfiTH   , 
C    -(.\        X-l AHF|_ 
C T.P      <-i AHt|.  I FNRTH . 
C A. I      v-i A'iiEL •       . ' •- 
C u.?     v-i AHEL ÜFNfiTH 
C r,   is  THc   FUKifTTOM  NOft^Ai T7ATl<JN  CUI-ISTAMT 
C VS.YS   jc    TH^   STA^TI ..r,   p,1TMT   Of'  THt   FuAME 
C T   TS  Sl'lftROUTTNF   ASSUMES  THAT   IHE  PPECEm^r,, PUOI   WAS  TtRMIiMATrl)  AT  THE 
C i OWEQ  Q'GHT  rriPNtH  OF   IT«;  ALLOTTFU  SPACE   (AND   KilS   IS   THE  NE 
c     ■ ■ •   , 

OTMclv)SIOM   OATAlMdOnm .INUEXU.?) 
iMirfiE« rroDEiCnriF ; 
TTr.ii=^/DBi 

C  FIRST   OsA'ii  TITLE.SCi'.LlNr,   iNJFQ.PAOAMETt^ 
•\lx = rNDEX (1 .?> 
IF   (Nx  ,-n,   a)  pnxo 175 
CJLI    SYMBOL (lE0.S.5F1..15tö.n*TAIN(IwnE^(l> 1) .1) «OEü.IMAI 

170    TF   ICCOOF  .En.   ii  fiorn ?lb" 
<;YM-SVMq|_ (TIM) '      ;      - . 
MX = T-wnEX (3,2) 
IF   ,iSv   .FAV,   '))   onrO  '0(1 
CMJ    SYMA'ILII .5- n.fl.?50..1tO..UATsIW(IMl>EX<2., I) » 1) V0tp»NX) 
nnTn   /lO 

21,0     C4LI    SYM'JOl,(1.5F0.a.'F0..1t0.v<Hf aRAMETERfOtO.1») 
2)0     CAI.i    SVMijnL(q9yFfl.i:>'ic)E0..it0..iYM.OEO.IÜ) 
2lS     IFicnDF   .EO.   2HnM)   ^OTO  i2D '" 

TALI    SYM.<nL(lE0.a.F.'l..lF0»2AH.*LL FUNCTION  VALUES  HAVE'Dto^A) 
CALi    SYMQOLdEO.7.8F0..)E0»2^HHEFN  SCdLED  ACCORDING   T.U-.otU,25) 

C-M-i    SYxaOLO .E0.7.AFF0..it0.iHZ.OE0.)) 
C-M.l    AWP iK(1.5.-'.c,.T.l«0.riH   .0) 
FMCIOE(1'.1«SYM)   o 
CALl     SYM'JnL(l.6t0.7.f,FI)..ltO.SYH.ÜEO.VO) , 
CALl    SYMiOL(c»99.F.->,')Qq.F0>.lF0.()H*<Z-7MlN) »OEO,«)      : 
CALi    PLOTM.4Ei).7.5F.-u3)   : '       ,     , , 
CALl     PLO-r (3.1E0.7.5F1.?) 
CALi    SYMom, (?E0.7.3F1..lEÜ»nM(Z«AX-ZMlN)IUt0.ll) 
FMCriOF<l i.l.SYM)   7MAX 
CALi    SYM')nL(IE0.7.lFfl..lEU.l!HWHERE   Z^AX'.OtO.lj) 
C«Ll     SYMHnL<'''»ci<r"n.'SQQFP..lEO<iVM.qEO«IÜ) 
EMC"OE(l''.l«SYM)   TMIti 

1   '      Fri»^AT<GlC.3) '''"■ 
CAM    SYMiiOL(IEÜ.(;..9Fn..lE0.11M ZMlN«iUtQ«ll) 
CALI    SYMMnL<c»ci<J^n.9QaEri..itO.i>YM.0E0«lO> 
CALi'    SYMMnL(lE0.(S.7F0..1Ei).2)HAPF'THE   MAX.   AND   MlN..OtU,?U) 
IF   (CODE   .F0.   ^H^|^)   110.ÜU 

110     CALI  -SVMi'OL(lEfl.6.5F0..1EU.2(.HVALUFS  OVER  ALL   SURf *CEb.0FU>2'') 

:'        GOTO    100 
1?0     CALI    SYM)DL(lE0.f..5F-i..lE0.21Hv/ALUES  oF   THt   SURFACE.OtU.Pi) 
1^0       CONTlMUF , 

C  >iE«T   <F.T   THE   PLOT  ÖPIGlM  AT   THt  ORIGIN  OF   JHE   SURFACE  COORUIMATE 

C  FRA^f.D'iA»!   T iF   FPAMF   sNO  LABEL   IT. 
??ü     CALl "LOMXS.YS.-I) ^, 

C  T>;  COOoDINATF  FRAME   IS  OPAWN  WITH  ThE  TIC-MARKS  EVERY   TILU   (INCHES) 
E'ICADEO-.l.SYM)   yMTM 
CALI    srM^nL(OE0.-.2FO..1EU.SYM,0F_O,10) .. 
>\|X=!N--tX(3.2) 
IF   (NX   .cn.   0)   GOTO  ino 
CALi    SYM'iOL(0E0.-.5F0..1E0.flArAI.i(INnFX(3.l) .1) .OEO.NX) 

1«0     EMCoO-(n.l.SYM)   xM*< 
XoT^OEO 
YOT=ÜE0 
CALI    OLOT(XPT.YPT.3) 
no '3fl t^i.icoooo 
N=I 
XoT = l«Tiri) 
IF    (XPT   .GT.   XLEM)   GOTO   100U, 
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vr^.^^-f^v^-^-T^y-^:-^ "~   y^- 

Ti 

«0 

HS 

95 

100; 

105 

110 

115 

IZO 

125 

C»Lr  "LOTtXPTvOrO.?* 
CALl'   DLnT(XPT>».l .?l     .;• 
CAti    DLOT(XPT»Oro.?l A 

no   COWIMUF 
l^On   i(oTT=n»TTni 

iC'T-XLF.w 
C»Ul     Dl-OT (XPT^1'!!.?» 
CALl    <;yM^OL(XPT-.';.-.?..l'5yM.0E^«10) 
CALl     "LOT(XPTtÜ'0.31 
r),i   li,;»   T-l «ICÜOfiO 

:;',N=I    ,■','; ,■,.'■,■ '■ ■ . 
Y^T = I<>TT'"il 
TF    iroT   ,r,T.   YL^Ml   r,,-\Tn   luiO     -, 
CM.i   DLn-MXPT.y'T.ai 
CaLl    OL.OT'XPT-. 1 •vPT.Pt i(   '■-,-'-'      ■ 
CMi    DLnT(XPT«V0T.?> ,,  ' . 

1'JO     MMTlfJiJK, 
inlo   YDTT=:M»TTCII 

YOTSYLüM 
CALl    PLOT(XPT.YPT.2( 
01   150   I-=l •JOOO'iO ' i : i 

,-. *i=I •  ''-■■■''    ' '    - 
:XpT = XPTT-t«TICy 
ir   rXoT   .LT.   oEo)   QhTfl   10«!U 
CALl    PLOT(XPT.yPT,?l 
C«l 1    PLOT(XPT.yPT-.l •') 
C«LI    PLnT(XPT.yDT.2) 

1^0     CniMTlKHjr 
WO   XPT^OF« 

CALl    OLOTIXPT.yPT.^Il . 
EWCnOF(lTtl«SYM)" vMAX 
ynlt.sVPT-.'? 
^•r  (YPT  .CT. 9.M  ycT<;=t).u 
CALl    SYMnni(-.l'--O.Y^Tc;..l£l!»c;YM.oOEO.lO> 

CALl    PLOT(l1ED»yPT'.3) 
110   i60   T = 1.100ü'in 
yDT = YOTT-I»TlCt) 
IF   (YDT   .LT.   üErt)   OOTO   10J0 
CALl    DLOT(XPT.Y'T.?) 
CALi    PLOT(XPT».l»VPT.?)., 
CALl PLOT(XPT.Y.n,?1 

l^-O  CONTIUUF 
l'-JO CALl PLOT (OE0«ÜF0.3) :    ' 

FMCoDFd'-.l.SYM) YMPI 
CALl. SYM«OL(-.lr0.0Ff)..IEÜ.SyM,90.V10) 
N<=iNOEX(4.2) 
IF (NX .FO. g) r,r)T0 v^O 
CALl     SYMBOL (-.'»F0.0F0..1E().(.1AIAlM(INDFXt<»tl)»l».90. »NA) 

1 = 0     CALl    PLOT<0E0»0F(1.3) 
SFfMRN 

■' ' • ■ EMn ,' ■■'      .      '■■■•,■  . . 

0U73*0 
ÖU7350 
Ö073AO 
Ö07370 
ÖÜ7380 
0)7390 
ÖÖ7*00 
007*10 
Öu7t?0 
ÖU7'.30 
0J744O 
ÖÜ7450 
Öi>7A60 
ÖU7<t70 
ÖU7'>H0 
007490 
007500 
ÖÜ7S10 
007520 
0117530 
ÖÜ7540 
ÖU7550 
ÖU7560 

• ÖJ7570 
Öi'75S0 
007590 
007600 
ÖU7610 
ÖO7620 
ÖÖ7630 
Ö0764O 
ÖÖ7650 
007660 
007670 
007680 
0Ö7690 
ÖÖ7700 
ÖÖ7710 
OÖ7720 
ÖU7730 

007740 
ÖÖ7750 
0o7760 
ÖÜ7770 
ÖJ77H0 
ÖÜ7790 
007800 
ÖÜ7810 
ÖÖ7820 
007830 
007840 

E.6 Subroutiiw INTERP 

«SiiHjOUTTNF INTEi;'p'cnrir!E:,CUÜE",'LAr,,IC*p0> 
COM"Ofi/( FT/LETTFpiBPl 
DTMFNSIO-I COOtOi 
I  ORTCAL   FLAG „,■■; 
IMTFGFP  CCODK.BLA«iK.C.UtfARFN,Ro««EN,Y.Oit   iii>i<^i%nn„/1, ^ 
DATA   SLAMK.CL.I PARFM.RPAHtN.Y.D.E/OOnOOOUUÜOOOOOOOOObbta. 

♦3^0-00001000000 10003".noouooooooooooooofil^ö.oouoooooooüunuopoosiB 
♦ .nOiÖOÜOOOOOOÖÖ000055B.oOÖÖ5nÖaÖOÖOOOOÖU(»-*lB. 
♦ 000'-O0ö0',0flO0ü000o04H.0O0ÜÜ6OÖÖÖ0flO00 5ü«wSÖ/ 

CC'.lnE=2 
COO-(?I=T   .OR' 
nn  ^0   I=1.«0 
LFTTEP(T'=HLANK 

CON-MNUF' 

007850 
ÖÖ7860 
OÖ7870 
ÖU7880 
007890 
ÖÖ7900 
ÖÖ7910 
ÖÖ7920 
007930 
057940 
ÖÖ7950 
0Ü796O 
ÖÖ7970 
ÖÜ7980 



«^■.■«..'"'l^W;    " 

is 

20 

25 

30 

35 

.it m 

45 

SJ 

55 

60 

fc5 

TI- 

TS 

80 

ns 
InO 
1 

C  =;ET 
ni 

IT» 

ns 

n? 

140 
no 

c TF 

C   THF 

no 

170 

no 

no 

9F4ii(lC6Bn.l(    (LETtrud» .I = l.öO) 
IF (EoFnCARtm ns.ioo 
F|..4r.= .F. 
noTn no 
CO^MMUF 
FIP-.ATCIRI) 
DO   120   T = 1.8fi 
H-l 
IF   (LFTT^Pd)    .MF.   «1 ÄMK)   GOTO   110 
crmiMUE 
IF  (I  .po. an ROTO no 
IF   (LFTT^O(N)   .FO.  C)   ccout=i 
IF   iLFTTcP(i>J.l)   .FO.   L»   CCODE^a 
finTn   (131.134.nil   rrODF 
HFFMJLT «AUUF.S OF cinE 
CöDF,(ir=1   .OP.   fi 
coD>-n) = io .OR. (i 
Cn0f{4)=-'HM6 
cni)r(5)=trtN 
r,nTn   137 
CiDrUI-i   ,.0».   f' 
cii)Fn)=!.^. 
C0nF(4): = 5HMA 
rinth    13? 
CnOFl.l»!   ,OP.   '1 
CnDr( 1) = IMX 

ClO-ftl^l   .0".   P 
C00r(5»=i   .OR.   « 
Cai5F(f,)=iHMA 
COO-CM^l OH 
rin '<to I-M.SO 

IF   fLETTFO(l)   .^0.   i.aAPFN)   GOIO   ISO 
COMTlHlIF 
IF (i ,Fn. HI» «m-n in 
CALl    MUMH(C0nf-(1».M.l ) ^   ■- 

M.!.   THFN   J   RIRHT  P/\PF,J  HAS  HEFN  FnUNO.nTHERWISE   IT  RETUWN«; 

PflSTTlOM   OF   THE  COM'i». 
IF    (M   .FT.   01    GOTO   110 
CftLi   Niwmcooti?» .M.I) 
IF    (M   .FT.    0)    Glltn   1 10 
r.:lTn   (lf,l.l70«lu0l   ~roDF 
C«Ll    NUM^'COOtCir.M.T» 
IF   (M   ;FO,   0)   Ontri   1 HI 
C'inc-(4)=^HMA 
IF   /LFTTFP(M*1)   .ro.   n)   CUUE('»)=?HDN 
IF   (LeTTrB(M»2)   .ro.   E)   COOE(t)-?HNE 
IF   fLFTTFP(i«l«3»   .FQ.   ?1P,)   COnt(5)=2HSD 
r-'Ho   in 
C«I.I   MUHurconEd).M.-J) 

IF   ,n   .Fn.   0)   G Hi   ijfl 
IF   (LETTFP(M»2)   .F«..   E)   COUECO^HNE 
rOTn  no 
IF (LeTTFR(M»l) .FQ. Y) COUE(J)=)HY 
IF (LFTT-PM*2) .FO. PPSRtN) GOTO 110 
IF (LETTFPrM.l) .rO. c;f,ci)'MsM-l 
M = Mt2 
GAL]    MUMa(COnEU) ,M.i ) 
IF   t»   .FO.   0)   fiiTl   no 
CAi.i   '-jiiM'i(cnnE(') .M.n 
IF   ,M .ro.  0)  GOTO  in 
C"0^(f>)= -HMA 
IF (LETTFD(M.l) .FQ, n) COUE(b)=?HDN 
IF fL£TT^P(M*2) .FO. F) COUE(b)=?HNE 
IF   (LFTTFP(M*3)   .FO.   ?3H)   CODt(7)=2HSD 
RFTi|9M 
FMO 

ÖÜ7990 
ÖU8000 
OCBOIO 
ÖÜ8020 
008030 
ÖüSÖ'tO 
ÖJ8SJ50 
008060 
0ÖS07O 
üüaöao 
003090 
OOsioo 
ÖÜ8U0 
Ö0812O 
ÖÜ8130 
008140 
0Ö8150 
0U8160 
6Ö8170 
008180 
503190 
01.8200 
ÖÜ8210 
Ö.J3220 
ÖÖ8230 
008240 
ÖÜ8250 
008260 
ÖÜ8270 
0Ü8280 
008290 
ÖÖ8300 
ÖÖ8310 
ÖÜ8320 
ÖÖ8330 
ÖU8340 
008350 
ÖÜ8360 
ÖÖ8370 
008380 
008398 
008400 
008410 

008420 
ÖÖ3430 
008440 
ÖÖ8450 
ÖÜ8460 
008470 
ÖJ8480 
Ö08490 
008500 
ÖÜ8510 
008520 
008530 
01)8540 
ÖÖ8S50 
008560 
008570 
008580 
ÖÜ8590 
008600 
ÖÜ8610 
008620 
008630 
008640 
OÖ8650 
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E.7   Subroutine NUMB 

Sriri ■ÖI1TTNF   NUMBfPlHAM.M.IKJRMAT) 

:'     ryiws.QM/|..^T/LtTTfO,H.'.r 

hft.fi   «PA-JFN).COMMA/n^rifi»OOUOÜ"ÜOO'lUOOS?H,OUUüOOOOOOOUOJOuou56H/ 

C   TFOHMAT   IS   THF  FORMAT   ConF  FQH  DFtoüTNG-l=>lNTtGER.2=>FLOAT. 
C   /   IS   THr-   J0SITI0K'   IW   lETTFR   01-    A   •OELIMITFR'   SUCH   AS   (   OR   •.   NUMB 
C    'ETURMS   *t=tr    IF   A    )    !S   FOlililÖ. 

■Jll= .♦)' 

^MM=ü ';? 
oi IOO T-m.Bo 
J=I 
TF   (LfTT-f'(I)   .^o.   ''"ÄRFN»   IIU.1^0 

1 K) *■= J 

3,- 

S.IT') nn 
l^ij      re   (LETT^Rd)    .^0.   r/lMMAS   i3n.l9-f| 

C  c;foR'"   TJE  HI-.HT  MOST  rHADACTEK  FIHM  LETT.ERII)   AT   CMARACTEH 
C   MO'/   OF    tPAi-Ai, 

IOA.^A fl = M*3IITX(Lf TTEJCtV.IHARAM.MUM) 
I ■ 0      COMTil-fllJF 
no      Ic'   f 1   .Fi,   Ml)   GOTO   IM 

JF_( IFORMA-T.EO.D      f'O.lRO 
iT-l   CLi    R.IM'JT (IPARAiM 

Ocr,-.|)F   n i'. 1. IR^^'iMl   DAOAM 

1,        Fr!4 .ATd i D) ..',■/,. ■■.,-.^. ,,,,;.' i;", v'l!/. 
'VlVfi    If." 

1,J0      TMj     ■) |i|-T(lDARÄiM 
i)c-r-,Of M i, ?, IP.1t.MM)-5AR5^ 

P    F^w, AT (^i .-...O) 
^U  RFiTl)«!-! 

OU8660 
000670 
Ü.;86fl0 
00.8690 
Öu8700 
ÖU8710 
Öo87.?0 
ÖÜ8710 
ÜÜ8740 
Bü87S0 
5.J8760 
5iiB770 
Ö'J8780 

ÖJ8790 
0u8800 
UuSSlO 
ö'J88?0 
ÜU8830 
ÖuöSiO 
Ö1J88S0 
öitmm 
Ö;'H870 
Ö088M0 
0"ia89U 
ÜJÖ900 
0^8910 
ö;,a9?o 
0118925 
0)8930 

ÜU89S0 
6j89f.O 

(Xo.YP)    IS  HtTURNEI) 
THF   AWROK   LAötL 

E.8   Subroutine ARROW 

SilHipUTl-'F   APHO ■ («P.VP.l... IHETAU.I.AREL.NC» 
C fMc'f'Ä-,   \r.   THF   A^^nW   A'ir,! E   WRT'X-aXtS', TN  ütünEES 
C l_   I"   THF  LENGTH  oc   THF   aRKa«l,;lN   INCHES 
C THF   LOCATIOM   OF   TNF   1l!'->OW   ffc 
C   MC   IS    IME;   i'4ll<«FP   OF   C-JA-JACTFRS   I(. 

.   RFA'I     L. 
OtMl-NSIOM   I.AHELMI 
THFtA=rHi.-rfiO"3. liiS'^'/iHu. 
X»b-l_»CrtS (THF:TA> »'P 
yvo-L^Sl'MTHFTA) »Ya 

<l =.?«l.«rOS(THE FA., l 74S1 »AP 
V(. =^»L»SIM(THerA-.l"".Sl t,'p 

Ki|=.?»L»'-0S(THFlA..17i.Sl »XP 
yil=.2»L»siM<THETA*. \-"'c<\ »TP 
C»Ll    PLOT(XP.YP.3i 

"LOT(XXMtYYP.?! 
DLn'(<P.YP.3i 
°Lor(XL.VL.?) 
PLOT(KP.YP.3i 
PLOT(XU.YU.P) 

.?5»L».f'.nS(TH- T-A>.1B73|»>P 

.25,tL*STN(tH.L'TA»./.R73) • YP 

CALI 
CALl 
CILi 

CALl 
V\ = 
ynr 
IF   fNC   .1 F.   ij)    ;OT0   inon 
CALl    SYMBOL (XU.YII..1 .LAREL.THtTAo.KiCI 
OFT'iRfJ. 
fewTl ■' 



E.9   Subroutine APLACE 

v 

10 

SilflöOllfUiF  &PLAr.F(Xo.YP,)(LtNliYLFNI.TH£TA2) 
C  THIS  SDPROUTTMF  FINDS   THF   X.Y.   COURDTNäTES   (XP.YP)   FOR   THt  TTP 

c  nf  TMP   ,RROw   WHICH   TMnlnoTES  THE   VIEW   ANG|,.E   <THETA2-0tGHEtS) 
C  rO»  o^OqPECTTVE  PLOTS 

X's.5«X|irMl 
V'r.S'YLFMl 

TH=oIl8()»THETA2 
ti=SiRT(ty?».';)»»2.(v5*.S)*»H) 
«a=»2»R»rnS(TH) 
YOIYZ'R'^IMCTH) 

OFTilRN 
EMT 

0^9230 

00^250 
0^^260 
Öil9270 
Ö,j92«U 
0)9290 
Öu9300 
Öü9310 
Üü9320 
ÖJSSSO 
QJ9341! 
009350 

i E.10   Subroutine RD1 

11 

1C 

IS 

20 

25 

30 

35 

V) 

ts 

SlWoÖiJTlfife  RDK ITT.i|D.MP.^MAy»ZMTN.ISw.KLAG.TIM.XMIN.M^Av.YMIN. 

♦Y"A») 
CO'^'O'-J   7(103.1011 
OIM^NSIOw   HÜFdnll 

THISLSnlROnTTNIFGFILI S   UP   THF   'SlWACF   ARP^y■   Z(...>   AND/OK   F|NUS   THE 
IURF.'F   MAX^ANO  MI ..   (7.,,X.2M1N, .   IT   ALSO  «ETURHS   THE  SUt  oK   THE 
SUBFsrF    (^P   «   NP)    AHD   T-tF   SllRhAC17   PA^AMETFR   VALUt.   TIM.   THt   I.U&ICAL 
XURL-     F,    r.7   s   .T.UF.   UMT1L   AN  EMD-OF.FILE   IS  «EACHtD  AT   «HICH 
oOINT   IT  BECOMES  FALSF.   F»CH  UNFOKMATTEU  PtCORU  OF   THt   1NHUT   HLE.IT3. 

TS  ASSU'.'En  TO  RE  OF   THE  FOPM- 
I 
MP 
Y 
TT,^ 
NiÖ 
XMI'I 
X«A» 
HMF(J) 

ISM   »CT«;   AS 
ISW=1    => 
tSH=3   r» 
TSW = 3   =•. 
TS«=<.  =^ 

onw MUM^FD 

TOTAL   N^.   OF   ROWS 
y-\/ALUE   CoR^FSP'iNOlNr,   TO   THIS  ROW 
SURFACE  PnRAwfcTFR   VAl.UE   (E.G.   TIME) 
TOTAI    NO.   OF   COLUMNS 
WAI (JE   Ac^nCTATEO  WITH   THF   FIR^T   COLUMN 
»AIUF   ASSOCTSTEO   WITH   THF   LAST   COLUMN 
MP   SURFICF  F|EMFNIS>  Of   THE   I-TH  ROW 

SWITCH  TO  CONTROL  THE   ACTIOM  OF  KD1   AS  fOLLOWS- 
HETHPM   7MAX.7MTN   OMLY 

PETMRM   SURFACE   7   AMD   ZiMAA.ZMlM 
RETURN   SURFACE   7   RoRUtRFU   ÖY   ZEROES   ANU   ZMAX.ZMIN 

,a«-..«   ■--•.   SKID   A   SURFACE .,_   „.   ..^ 
MVTE  THsT   THF  FIRST  RFCOPD  REAU   lb   ASSIIMEn  TO   INCLUDE  THE  HcST 

•HOW'   OF   THE  SURFACE , >,     ,   .   u„, 
100      RFA0(IT3l    I,NP.Y.TlH.MP,XMlN.XMAX.(BüF(J>tJ=l.MP) 

IF   (EOF(TT3)t   110.1?0 
110     FLÄr,= .F. 

GOTO   1000 
1?0     IF   (IS-*   .FO,   k)   GoTo  ?3n 

II=M1 
7(n.l)=7(Tl»MP»2l=0. 
IF   (I   .Fo.   1»   210.250 

210     7ulM=ZMAX=RUF(n 
YM:IM=Y 
MP2-MP»? 
on io J^I.MP? 

90       Z(1.J)=0. 
?a0      IF    (I    .EO.   NP»    YMAX=Y 

00   '60   J=1.MP 
7T=HUF(J1 

IF   (ZT   .1 T.   ZMM)   ZMTN=ZT 
IF   (ZT   ,0T.   ZMAX)   ZMAX=ZT 
GOTO   (160.170.ISO)   TSW 

170     7(I.J)=7T 
GOTO   160 

loO     7(H.J*lv=ZT 
GOTO   160 
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- 

50 

55 

IAO     CONTINUE 
ziö    IF  il .LT. NP) wro irc 

r,rijn   (lonO.lCOO.lPO.lOUOI    IS»! 

HO   '00    1=1.MP2 
2f>0     ?(MD?«J)^C. 

10Ö0  ^F-T'iRN 

ou^Hrto 
Öt'i9940 
üD9HS0 

öy^BfiO 
Ö'J9870 
009880 
Ö 1)9890 
OU9900 
039910 

E.11    Subroutira CLEV 

10 

SUBpOOTtME CLE'-.'Mt Ei',7MAX«ZMtN.Zl,EVS) 
OTMcNSIOM 7LEVS(I( 

C THIS SIWROUTIME RETURNS MLEV tÜUl-SO4CE0 CONTOUR LEVELS BtTtlftN ZM1N 
C AND 7Mä» »BUT NOT I«C| UOTNIV ZMIN) 

ri«:L = (7M«><-ZMIN)/N( EV 
DO *00 T=I«NLEV 
?LEvS(I)=ZMIN*I»DrL 

lOO     CONTlNIlF 
RFTuRN 
EMO 

0U9920 
ÖI/9930 
Ö69940 
Ö0995O 
OÖ9960 
009970 
Ö(J99fl0 
ÖV9990 
öioooo 
Ö1ÖÖ10 

Mls . • 5 

E.12   Subroutira SKIP 

iftv t 
ii    i 

i« 

ino 

110 
l?Ö 

SIWoOMTlMF  SKIPdTAPF-NSKlP.FLAG.N) 
LOGTCAL  rL»G 
IF fNSKT" ,EQ. 0) GOTO l2u 
NPEf-iN^N^KJP 
DO '00 I^l.NREC 
RE*l(IT»PE) 
IF (EOFfTTÄPE») HO.100 
CONTINUE 
GOTO 120 
FL*"-»^. 
RFTMRN 
END 

010020 
Ö10030 
010040 
010050 
Ö10Ö60 
Ö10070 
ÖI0Ö80 
010090 
öioioo 
OlOllO 
010120 
Ö10130 

E.13   Subroutira FACE 

:«-^s 

10 

SDBOÖÜTINE  FACE(XPl.YP1.ZPP.THET«!.THFTAZtNREFIN) 

OIMtNSlON  R(3t3) ,   .   .„ 
C0MMON/RLOCK3/IMUM. IMUN.XMlN.TMINtDX.nY.SWl.IT6 
COM-'ON DATA(103.1n3.») t , , 
WRITE (ITiS. 101 )Xnl,TPI.ZPP»THETAl.THETA2»INUN.JNUNrNHEt.IN 

101   FORMAT (3 fFA.2.IX).2 (1^7.4. IX). J( lit IX)) 

VESsSHYE"! 
YN0=2HNO 
INUtii»INlJM 
.INUv(»JNIIN 
YPzyPpaYol 
XD=xPP=XOl 
KR = ZPP•C0S(THFT^^)/TAM(TMETA1) 
yH . 7PP»SIN(THFT»2)/TAN<tMETAl) 

010140 
010150 
010160 
010170 
Ö10180 
Ö1Ö190 
010200 
010210 
Ö10220 
010230 
Ö1Ö240 
010250 
010260 
Ö10270 

■■■■■■  ■■■ •■■; ■ ■ 
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IS 

20 

2^ 

30 

'•C 

«.B 

50 

>>S 

75 

75 

B5 

«^Ac.   =   Xop-XH 
Y^A i   =   YOO-YH 
KDD   =   Xon-xyR 
YDD   i   YDT-YBAR 
nis  =  SooT (XPP»xPD«yDD»YPiJ*ZPtJ«ZPP) 
"" I . 1>    =   -SIMdHFTA^l 
5(1.2)    =   CnS(THrT.l2l 
^(1.3)   =   0.0 
5('.l)   =  -slN(T'iFTAn»t:r)S<tHFIA2) 
3(3.2)   =   -siMdHFTAn'^INlThFl A21 
t!(?.3)   =  r.0S(THFT'ili 
i5(l.l)   =  (-nS(TH-TM)'>r.ns(lHETA2) 
0(3.2)   =  cnS(THfTAi)»SlN(IMETA2! 
5(3.3)    =   SIN(THKT5ll 
on ->a I = ).INIIM 
A   =   FL0«T(T) 
Y   =   A-YHAP 
DO   ^Ü   J=l .JNIIM 
4   =   FL0AT(,l) 
X   =   8-XBÄD 

i = OATA(T.J»1) 
ilATAM'l.n   =  R'l.l)»»   ♦  HU.ül'Y   ♦   P(1.3)»Z 
0ATHI.I.')   =  R(?.ll»«   '  t«(2.<;)»Y   ♦   R(2.3)»Z 
7   =   0IS-(P(3.1)ox   »   an.2l»Y   ♦   H(3.3)»ZI 
nATld.l.l )    =   0AT«(1 .,I.\(/Z 
HATl (I < J.>)    =   0'.T1( t,,|.?)/Z 
IMiJ/l    =   TMllM/2 
IMMiil   =     IMUM/Z 
IF   IYO   .! F.   1.0)   r,n  TO  45 
IF   (YP   .r,F.   FLOAT (I'-iiH))   ^U  TU  3n 
IF ,XP    ,1 F.     1.0)    f-.O    TO    40 
IF (XP   .i-,F.   FLOAT (.riilM) )    üü   TO   35 
nn •>5   J=l . JNUM 
no -i5   I^i.IMUMi 
Tt     -    DATA ( I .,1.1) 
T?   s   0AT4(I•J.2I 
i)ATA ( I •). I )     =    D'vTA ( IMI|M»1-1..|I I ) 
DA'TA.d..).')    =   OAT« (IMIl^»!-!«.!'?) 
nATAdNil-i'l-l »Jjl'l   =   Tl 
DAT; ( INIMM-I «J.T  =   T? 
r,T   T0   4t; 
XP   ^   YtS 
ITf'.P   =   rrjiH 
I Ml I"   =   .(MUM 
IM) i   =    ITFMP 
ITRi'P    =    ■.•AXD(1NUM.J\II|M) 
nn   '.2   Hi.ITk'MP 
on '.1  .)=I.T 
Tl    r   0AT1 (I..Id) 
T' ^ nATid«j»2) 
OAT' d. 1.1)    =   ÜATA( l,Td) 
DATA (l.t .1 )   =   T) 
0AT1 d.  ).?)    ■=   nATA(  I.T •?) 
0^T^( Id.')   =  T,? 
CONTIMUF 

IF    tXP   .TO.   YES)    r.O   TO   30 
If    (DATAd.l.l)    .1 T.   nATA(l..lNUM.l) 1   r,0   TO   '♦b 
IF    (OATAflMUMO'lllMdl    .LT.   DAIAd.JMUM.U )    bU   TO   i>0 
no  TO  ^Q 
IF    (DAIAd.JMUM.U    ,LT.   OATAdNUw.JNLN.l» )   60   TO   50 
GO   TO   90 
00   '5   1=1.INUM 
DO   r5   J-1.JNUM1 
Tl    -   OATAd ..Id) 
r?   -  I1ATA(I i'.J;2.) 
OATAd.  (.1)    =   OATACT.  IWIIM»i-.ld) 
OATAd.J.?!    =   DATA( (..INIIM«1- l»2) 
■)»TA d«.)MIIM»l-J.l I = Tl 

5^   OAT« (N.|MIIM»1-J.?1 = T? 
QT   CALl ^IDF 
1000  CONTpJIJF 

RFTURN 
FMD 

35 

35 
<»1 

4 I 

4c; 

5i 

0102M0 
Ü10250 
010300 
010310 
010320 
010331. 
01034 0 
010350 
Öl03h0 
010370 
OlOS'iO 
610.35U 
010400 
010410 
U104?0 
010430 
Ü10440 
Ö10450 
0104^0 
010470 
Ö104M0 
010450 
010500 
U10510 
Ö10520 
UI053Ü 
010540 
010550 
010560 
010570 
Ö105H0 
010550 
OIÖ600 
010610 
010620 
Ö10630 
010640 
ÖIÖ650 
Ö1Ö660 
010670 
010680 
010650 
010700 

010710 
ÖI0720 
010730 
010740 
010750 
Ö10760 
010770 
Ü107H0 
010750 
010B00 
Ö10810 
010820 
010830 
010840 
010850 
610B60 
010870 
010680 
010850 
010900 
010910 
ÖI0920 
010930 
010940 
010950 
010960 
010970 
010980 
010990 
011000 
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E.14   Subroutine HIDE 

sl:,i 

;1 iV 

is 

3S 

SO 

S5 

65 

70 

SM4LL)   <;MAL(.   =  D/sTAdtj.l) 
BIA)   bJR  =  n«TA(I.J«l) 

,|T.   S"«LL)   SMALL   =   D«TA(I.J,2) 
.^Ti   RTr,)   bir,  =  nATAd.J.Z» 

Slin^OUTINF   HIDE 
Cpwi'QN  n4TA(lu3.1^3. ^I/^LÜCKI/TEST (50n.il i TEST 1(500.2) .NiiM/bLOCK2/ 

13(Äi .Q(?V.JCLlf 
CriMv.0N/Rl,nCK3/IMI,l:<. IMIIM,XMiN.YMlN.|.DX.nY«SHl.lT6 
LO'ilCAL   "WT 

K^L^G  =   •>    :      . 
, ■ .     .  :'\ri\C,   =   " 

'   TF   (S'ill   npTO  P',0'' 
SMA] L   =   -sATAd, l.i I    , 
\XK  =  SMftLI. 
no ■= ij=| .JMUM   ;   : 

■■':'■ 00   fe   1 = 1 ,TMUM 
TF    (OATAM «J.ll    .1 T, 

5 IF    rO^TAn.J.ll    .^T, 
XMIM   =   SMALL 
0«   -   (riir.-SMALL>/ST7F 
SMAl L   =   "ATAIl. I .?) 
Bir,  =   S'.cll, 
00 i 1 = 1 .TWLI'-i 

- 00 fi -1=1 ..INUM 
;    IF   (OATA(T.J.2) 

b IF   IOATA (I..1.21 
VMIM    =    S'-lALL 

: OY   =   (flIr.-5MALLWsI7F 
,0   =   OY 
IF   (DX   .^F.   OYI   n = Dv •''', 

; ■ ■' 'nV; = n .'■',..■■- 
Ox' - Tl 
GOTO   >[)\t    ' 

?'iOn   00   10   I = I.JNUM 
;: TFSTii.ir = DATAd.r.n 

,TFST(1 .')    =   OATAd .T.?l 
I"       TFSTI (I.H   =  TEST! I.') 

,     CALI    LlNF(TEST.Tf':Tl..TNnM»1.0»0.xMIN.nX.rMIN.DY.O.» 

1 =   1 
MUM   =    JM'if! 
irlj'   =   " 
ir.DT = ? 

?^       Irin- = jruT ■ 
KFL.'.r, = i 
IFLAG =   1 
IF   /JCOT   .F,Q. 

3' 1  =   0 
,-)0   iS   I =3.MUM 
IF   ((OAT'.dCilT. ICliT.l)   .Lt.   TtSTd.ll)   .ANU.   (DATAdCUTijCUT.il 

l.GE.   TESTd-l.Dd   on   TO  Jl 
IF   ((OAT5 (ICHT. ICMT.U   .LT.   TtSTd.D)   .OH.   (DATA dCUT« JCMT.i) 

I.OT,   TESTd-I.lld   no   TO   '■*'* 
3t        B  =   (TESTd.2)-TFsT(T-I.2))/(IESTd.l)-TESTd-l.l)) 

C  =   T=-STd.2)   -  RttTFSTd.ll 
Y   =   fUDATAdCUT. lOUT.I )    ♦   C  , 
ir  ii .( F. 0ATAdr;UT..)CiiT»<:)i GO TO 35 
I   =,;J   +   i 

3^       COMTIMUF 

IF   (2»(,)/?l   .EO.    |l   on  TO   l?0 
GO   TO   •*$•>   ■■ 

l^-O       IO)T   =   1 
tmjT = KUT * I 

,     IF   «ICUT   ,NE.   IMllM*d   R0  TO  31» 
RFIHRN 

120     IF   (JCUT   .EO,   1)   nO   TO   200 
"      Pd)    =   riATAdCUT. (ClIT.ll , .      S 

□ (?,    =   HATAdCUT.  iCMT-l.U 
Odl   =   riATAdCUT. lCIIT.2) 
0(2)   =  fYATAdCUT. lCllT-1.2» 
IF   (P(2)    .RE.  6.0>   on  TO   130 

■ :   x = P(2) 
■''   Y  =  0(2) 

; no TO 2oi. ;■■ 
no   CALI  OR«■MX.Y.K.KFLAR) 

IF   (K   .m.   MilMI   no  TO   3ft5 
2n0    Pdv  =  DATA(ICUT. iCIIT.lo 

o(^,   =  OATAdCUT-i. iniT.ll 

1 

JMIIM»!)  nn TO too 

011010 
011020 
011030 
011040 
011050 
Ö11Ö60 
011070 
0110*0 
011090 
Oil 100 
Ö11110 
Oil 120 
ÖU130 
ÖUIAO 
Öl 1150 
Öl 1160 
611170 
ömao 
Ö11190 
Öl 1200 
Ö1I210 
011220 
011230 
Öl 1240 
011250 
Ö11260 
Öl 1270 
011280 
Öl 1290 
Ö11300 
011310 
Ö11320 
011330 
Öl 1340 
Ö113S0 
Öl 1360 
Öl 1370 
011380 
Ö11390 
Öl 1400 
Ö11410 
Ö11420 
Ö1I430 
Öl 1440 
011450 
Ö11460 
ÖU470 
Ö114R0 
011490 
Öl 1500 
Ö11510 
Ö11520 
Ö11530 
Ö11540 
Ö11550 
Ö11560 
B11570 
01ISRO 
Ö11590 
Ö11600 
Ö11610 
Ö11620 
Öl 1630 
Ö11640 
Öl 1650 
Ö11660 
Öl 1670 
011660 
Ö11690 
Ö11700 
011710 
Ö1I720 
Ö11730 
Ö11740 
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f- 

7? 

Ru 

85 

loo 

1,05 

na 

35 

■3S 

Olli   =  IIATAdCUT. ICIIT.?) 
o(?)  = o^T4(icuT-). iri)T.2) 
IT   rP<2)   ,r,E.   6.01   rVa Tn 210 
X)   =•  P(2l 

.-vi = or?) 
RO  TO  30-- 

210      CALl     IWA!,i()(l.Yl.J.JF|.Ar,) ;       ' 
ir   (J   .r,T.   NUM)   Gn   Tn  1(i5 

a^O     IF   iJCHT   .ME.   1)   rtO  TO  ^Oi 
<   =   1 
1.1   '0   3l'< 

3^5     CONflMUE 
6/10     F.IPMAT   (^H  HERE) 

TF   (KFLAT,   .£0.    I)   G"  Tn  SI*» 
on -ilo T = 1.NUM 
IT   ((K   .FO.   TESTlT.ll)   .ANU.   (Y   .EQ.   TEST(I.2)))GO  TO  3X^ 

310 COMTII-IUF 

311 Fnp.-AT   II OH   310   EoROR) 
'in 'O ^h^ 

3)3     K   =   I 
31<»     TF   fJFLar,   .EO.   1)   Gn  TO  3i;o 

no   ->1S   1 = 1,MUM 
TF   MX1   .EO.   TE'.T(I.I))   .ANÜ.   (VI   .EO.   TESKI.Z)))   Go   TO   318 

315 CONTINUE 
316 Fno,.AT   ((OH   316  Ea»nPl 

GO   TO  36^ 
31b     ,|   =   I 

C IF   IFLAG   TS   SET.   WF   »OE  LOUKIMü  AT  THE  BACK   OF   THE  SOUAWt  PIECE 
C  ■"HOSF   C^R^4FR   IS  DATA (TC'IT. jrUT >.     IM  THIS  CASE   WE  DO  NOT  UHAv  THE 
C LINE   TO  DATAdCUT.JCilT-n.   ANU  WE  00  NOT   tNCLUÜE   IT   IN  THE   SKYLINE. 
C   I.E.   TE^T, 

320     IFLf.G  =   0 
'     TF   »JFLar,   .EO.   n)   J  =  .)  ♦   1 

IF    (J   .i T.   K)    IFLAG   =   1 
TF   ((.I   .co.   ,',)    .AMD.   (*F)S(X1-1EST(J,1)) 

UFE/iG  =   1 
IFL«G   =   f;, 

'     KFL^G   =   !■,., 
11=0' 
no ->3o I=,JVNUM 

Tl   -   Tl   *   1 
TFSTl-Ml.l)   =   TFst(f.T) 

TTO     TFSTKII.?)   =   TFST(I.2) 
:"      TF   (IFLS-,   .EO.   ',')   GO  TO  3JI 

K   =   J 
.   x = xr 

y = Yi 
rih TO 339 
TF (JCUT 

i< = K - 1 
GO fO 34T 
TFST('<.I 1 
TF^TTK.?! 

TFS+(K»l.l) 
TFST(K»1.?I 

TTST (si;,-»?, i) 
TCST(K*?.P) 
< = K ♦ o 
TF ,J .Fn. (MUM ♦ 11) GO TO 3b0 

00 -"tS T = 1.I) 
< = K ♦ 1 
TESTIK.M = TtSTI (1.1) 
TFST(K,?1 = TEST 1 M,P) 
Fn« <AT (1H .ril-l'ri) 
MUM = K 
IF (JCUT .EO. U r,0 Tn 35b 

.ST. AHS(X-TEiT(.|.l)))) 

3il 

315 

34 0 

.NE. U r,0 TO 33i 

= Y 
DaTMTCDT.jCUT.I) 
OAT«(TOUT.JCUT.Ü) 
XT 
Yl 

345 
61 
3^0 

395 

3^.5 

A-O 
41 

i) on TO 3S5 

HMF(R,n,2.i.o.n<KMlNiOy»YMlN.OY.O.) 

= Y1 '. ■   , 
LIMF(P,n.2.1.0.n.XMlN.DX.Y>1TN,DY.O.) 

IF (IFLAr. .EO. 

D(?l = X 
0(2i 
C*LI 
p(2l 
nci 
Cnui 
1r) TO 2(1 
CO'J-I^UE 
F'-'JO .AT (4H 40Ü.3«.Hn) 
IF (JCUT .EO. 11 GO TO 500 
on, = nATA(icuT. iciT-T.i) 
0(?1 = OATA (ICUT. (CUT. 1) 

411750 
011760 
U11770 
ÖU780 
011790 
Ö11800 
Ö11810 
Ö11820 
Ö11830 
611840 
Ö11850 
011860 
Ö11870 
011880 
Ö11S90 
Ö11900 
Ö11910 
Ö11920 
011930 
011940 
Ö11950 
011960 
OH 970 
011980 
Ö11990 
0-2000 
012010 
Ö12Ö20 
012030 
Ö12040 
012059 
012060 
012070 
Ö12680 
012090 
012100 
Ö12110 
Ö12120 
»12130 
Ö12140 
012150 
Ö12160 
Ö12170 
Ö12180 
Ö12190 
Ö12200 
Ö12210 
Ö12220 
012230 
612240 
Ö12250 
Ö12260 
612270 
Ö12280 
Ö12290 
612300 
012310 
Ö12320 
Ö1233Ö 
612340 
Ö12350 
Ö12360 
612370 
Ö12380 
612390 
612400 
612410 
Ö12420 
012430 
Ö12440 
Ö12450 
612460 
012470 
Ö12480 
012490 
612500 
Ö12510 
612520 
612530 

230 
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S-.Q 

IflO 

oiii  - n«,:TA(TCiiT, iDiT-i.zt ■, 
n('A   = n«Tft( rCUT. iCiiT.?i 
t.c   >P(1)   .r,E.   6.0)   on  Tn  bOO : 
C«LI.   OHA>l(X,Y.K.K-FU'\r;) 
tF   rK   .r,T.   NUM)   fil   TO  545 
R(>)    =   X 

=   Y 
l_IMc:(P,0»2. ) .0,n.XMlN»DX.YMTN.DY.O. j 
ICUt 
JCHT   -   1 
SORT(TC.JC.K.X.v) 
=   UST/WTCUT-! «  inlT.U 
=   Data ( ICUT. iCIIT.l ) 
= miMTCiiT-i • iriiT.2) 
=   rMTM ICUT.  |CI|T.') 

I*    lP(l)     ,r,E.    6.0)    ^n   TO   t>45    --.',:.; 
Call OR(\'.i(X,Y« J.jFLfi".) 
rc 'J .(iT, NUM) r,n TO 545 

o(J\ = x 
= Y 
LlNF(P,Q.a.l .0.0>XMIN»IIX«VMIN,DY.0.) 

TCIIT - ! .; 
JCIIT 
SOQTIIC.JCI.X.Y) 
(ICIIT. ICIIT.1) = 0«T4(lCUT'JCllT.n » SUE 

M?.\ 
CftUl 
TC t 

K  = 

a(?,) 
0(11 
0(^1 

0 ('-') 
C«L.i 
TC sr 
IC = 
CH.I 
I14TA 
riO TO 3»i=; 
^^THOM 

E-ID 

U12540 
Ö12550 
Ö12560 

Ö12570 
Ö125rt0 
Ö12590 
Ü12600 
Ö12610 
012620 
012630 
Ü12640 
Öl 2650 
012660 
Ö12670 
Öl 2680 
Ü12690 
012700 
012710 
Öl 2720 
012730 
012740 
012750 
012760 
Ö12770 
012780 
Ö12790 
Ö12800 
Ö12810 

E.15   Subroutine DRAW 

IM 

i  i 

10 

15 

2.1 

25.. 

35 

35 

SUM 
CniJ 
ST 7 
f/TS 
IF 
V) 
0(2 
Y   = 
S   = 
«I 
1" 
IF 
Cl 
no 
ox 
OY 
OS 
5^ 
IT 
IF 
c? 
IF 
XX 
IF 
YY 
TF 
IF 
rifi 
IF 
IF 
50 
IF 
xx,. 
YY 
IF 
IF 
(in 
XX 
YY 

• OUTIWr    DPAlKX.Y.'.^FLAtil 
■Oki  /oLOCKl/TEsKsr,.-. .2) .TFbT 1(500.') •NUM/BL0CK2/P (<i) .0(2) .JCUT 

(P(2l .OE. ti.Oi oo To 10 
rO 15 
1'= P(5) - S(7r 

15.1 

-: (III :|>-Q'l) 1/(0(1 )-°(2)), 

^ LErviftfMBl) 
(ID .'!F, 0) 00 TO ?'' 
T Odl » ft!» (!) 
•-0   Is^.MUN' 
- TEST ( I • 1 )-TFST M-l .1) 
- TESTd .:-')-TCqT(I-l .2) 
- S»SnPT(l'IX»ox»OYonY) 
- (TF5T(I-1.?)-TFST(T.2)) /(TEST (1.1)-TtbT(I-l.U) 

= LEOMäP(B2) 
(IT .ME. 0) 00 TO 05 
T TESTd.?) > o2<'TF5T(l'l) 
rIP .MF. 0) oo TO 40 
= (C-J-CJ )/<H2-on 
(LEliV'.^IXX) .Mr, 1) OO ,10 ffl 
T Cl-.5l,'XX 
((TEST(I-l,l)-nS .LF.XA) .«MD. (XX.LE. ItST(I.l)'Dbl) üO TO 30 
MTESTd.D-iiS .(.F.K.X) .AWU. (XX.Lc. TtST(I-l.l»»Db)) bO TO 30 

rO "JA 
AMO. (XX.LF. P(»)«DS)) GO TO 45 

(XX.LF. PU)»L)S)) GO TO 45 .«NO« 
((D(i;-OS .LF.vXl 
((°(?l-ns .LF.xXl 
TO 9n 

(ID .MF. o) on TO PI 
= TEST(I. I) 
= Cl-tiieXX 
((TEST(t-l.?)-o5 .LF.Vl" .»NO. (YY.LE. TEST(I.2)»Di)) üO TO 30 
((TESTd.2)-05 .i.F.YY) .AMU. (YY.LF. TEST(1-1.2)«DSI) 1=0 TO 30 

. r2-')?»XX ■ 

U12820 
Ö12830 
012840 
012850 
Ö12860 

012870 
012880 
Ö12890 
012900 
012910 
012920 
012930 
Ö12940, 
012950 
Ö12960 
Ö12970 
012980 
Ö12990 
013000 
Ö13010 
013020 

Ü13030 
013040 
013050 
013060 
Ö13070 
Ü130H0 
Ö13090 
013100 
013110 
Ö13120 
013130 
013140 
013150 
Ö13160 
Ö13170 
Ö13180 
013190 

Ö13200 



40 

45 

50 

55 

6ü 

*S 

l^S 

"»1 

1*3 

no 

If f(0(Ii-DS .LE.vYl .AND. 
IF ((Q(?)-ns .LE.VYV .&M0. 
GO TO 90 
ax = on i-xx 
OV = 0(M-YV 
n = 5(5RT(nX»OX»OY»DY) 
IF 10   .LT. niS) Gn rn QO 
DIS = 0 
FO«i<*T HH »F10.31 
x=x< 
Y=Yy 
K = I 
GONTlNUE 
IF (Y .Fn, 15.0) GO TO 110 
FQBtAT OH ,I10.1«.'F10.3) 
KFL^G = ) 
FOB<*T <1>H  I50.?x.lin) 
RFIURN 
K = NKM ♦ I 
FnRyAT (15H F.RRnR AT ICtlT»»!?) 
RFTMRN 

EMD 

(YY.Lf;. UCI'US'> UV 1" «-j 
(YY.LE. 0<1»»DS») 60 TO 25 013220 

013230 
013240 
Ö13250 
013260 
Ö13270 
013280 
Cil32q0 
013300 
Ö13310 
Ö13320 
013330 
013340 
013350 
Ü133A0 
Ö13370 
013380 
Ü133'J0 
013400 
013410 
013420 

: 
E.16   Subroutine SORT 

10 

15 

20 

25 

30 

IP 
431 

Z" 

3Ü 

50 

611 

■illRnOUTtwF   SORTITr. in.KfX'Y) ,   >,    , 
COMMON  04TA(1 03, ln3.')/RLÜCKl/TEST(50n.2).TESTl (500.2).NiiM 
COMuON/RLOCKS/IMMM. |MIIM.xmM.YMlM.DX.nY.SWl.IT6 

DO   \0   l=1.NUM ._ 
.ME. naTAdCjoiM r,o TO io 
• ME.   OaTAdC.JC.ZM   fiO   TO   10 

IF (TEST(I.1) 
IF (TEST(I.2) 
)  =   I 

r,o  TQ  20 
CONTIMUE 
FORMAT    (4H   430.?X.4HK   = 
GO  TO  90 

K) 
K) 

.13.110) 

60   TO   TO 
GO   TO   Q9 

IF  (J if 
IF   /J   .FO. 
Kk =   ) 
,11 =   K 
GO TO   4(1 
KK =   K 
JJ =   J   ♦   1 
11 r   0 
DO =0   UKK.NUM 

n =ii »i 
TFSTKll.U = TFSTd.l) 
TFST1(II.2) = TFSTd.?) 
TFST(,IJ.l) = X 
TESTCIJ,?) - Y 
DO f-0   1 = 1.11 
JJ = )J ♦ 1 
TFST(JJ,1) = TESTKT.l) 
TFST( IJ,?( = TESTVd.7) 
MUM = jj 
RETMHN 
EMO 

013430 
013440 
013450 
013460 
ÖI 3470 
Ö134S0 
013490 
013500 
Ö13510 
013520 
013530 
013540 
Ö13550 
613560 
013570 
()135H0 
013590 
013600 
013610 
Ö13620 
Ö13630 
013640 
013650 
013660 
013670 
013680 
013690 
013700 
013710 
Ö13720 
013730 
013740 

I 

232 
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«Ifp'SpyflilPlfp 

E.17   Subroutine PARFIT 

18 

SIIRriOUTlNF PARF i T (Y1. Y?. Y3»rFl. YF2) 
C THIS SUDROUTINF FIT" a PSRABOLA TU THREE nATA POINTS Yl.Yi'YT. TAKEN 
C  AT E1UAL INTERVALS AMD nOMPUTtS POINTS YFl»Yf2» ON THE FITTFU PARABOL 
C  • AT THE MIODLE OF TME INTERVALS 

A=(vl*Y1-?.»Y2)/fl, 
H=(Y3-Y1I/'.. 

C = Y^ 
YF1=A-B»r 
Yf2=A*B*r, 
RETnRN 
kun 

013750 
Ö137ft0 
Ö13770 
013780 
Ö13790 
013800 
Ö13810 
013830 
013830 
013840 
Ö138S0 
Öl 3860 

E.18    Subroutine CONTOR 

10 

15 

20 

25 

30 

35 

*0 

hS 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SMBoOUTlME CONTOR(M,N.MLEYb.HLEVS.RLANK»XLtM»YLEN»XP,YH) 

OtJAw PENPLOT CONTnUns FoOM RECTANGULAR 6HIU INPUT 

PAR/lMETFOS 

7 

N 
XT 
YT 
NLEuS 
HLEVS 
BLAnK 
XLE^i 
YLEM 

THF r,Iv/FN FUNCTTON 
NU'-'HrR OF ROWS IN Z ARRAY 
NUMBER nF COLS IN Z   ARRAY 
TE'-iPnRABY ARHAY    SIZE=(M*N) 
TEMDnRAOY ARKAY    SI2E=(M»N) 
NUMBrR OF CGNTOUHS 
COMToUo VALULS 
MSNG DATA COOL 
LENGTH OF X-AXIS IN INCHFS 
LENGTH OF Y-AXIS IN INCHES 

7(1.,)) ASSUMED TO BE IN ASbENOING ORDER BY X AND Y 
TE   Z(l.l) = 7(XMlN.TMlN) 

Z(M,M) = Z{XMAX.YMAX) 

PPOfiRAM WILL PLOT AMY NIlMBtR OF CONTOURS 
I INES AUF LABFLFD BY CHARACTERS 0-12 

CHARACTERS AHt RtPEATED AS NECESSARY 

USES SUBROUTINES NETBOR ANÜ FUUR 

DIMrNSION HLEVS(l) 
COMMON 7(103.103),XT(103«lU3)tYT(103.103) 
OTMrNSIOM T{150) 
DIMENSION SX(3) .SYCD.ICC») 
OIMFNSION 10(16) .TP(lfi) 
OAT A (10(1) »I = l.\ft.n/-l.-l.-ii!.-U-l.-2.-l.-l»-1.0.0.0»Q.0.0.-l/ 
DAT«(lP(T).I=l»HS.l)/-l.-i»-l»p.0.0.1.0«0tl.0»0.0»-I.-lt-I/ 

K=75   ■ 
KMTM=yMTN=0E0 
IFL«G=1 
Y5YMB=YP-.2 

XPLT=XLEM»XP 
)LIME=8 

CALl PLOT (O.O.O.n.3) 
XSI7E=FL0AT(N-1)/xLFM 
YSI7E=F|_0AT (M-l 1/YLFM 
UO=M»N 

FINO Z"*X. 7MIN 

013870 
Ü138H0 
013890 
1)13900 
013910 
Ü13920 
013930 
0139^0 
Ö139S0 
013960 
013970 
Ö13980 
Ö13990 
014000 
014010 
014020 
Ö14030 
Ü14Ö40 
Ö140S0 
Ö14Ö60 
014070 
Ö14080 
Ö14090 
014100 
Ö14110 
014120 
014130 
Ö14140 
Ö14I50 
014160 
014170 
Ö14180 
014190 
Ü14200 
014210 
014220 
014230 
014240 
Ö14250 
Ö14260 
Ö14270 
014280 
014290 
Ö14300 
014310 
014320 
Ö14330 
014340 
Ö14350 

233 
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6T 

7C 

7«; 

BO 

85 

90 

SS 

100 

103 

110 

US 

120 

125 

U 

12 
13 

,fi4y = r! 

rn   '3   1 = 1 .M ' V 
m   '2  J=l.W 
l.F   (2(I..I> .EO.fLS'iK)   RO   TÜ   1? 

ir   (IMAX.RT.l)   r,n   Tn   U 

7i/iM=7(i..n 
GO TO, i? 
TF iz^a, II.GT.ZM4«) 7MA;y=<;(i.J) 
Jt   (Z(l, D.LT.ZMTM)   7MIMSZ(I.J) 

CIN^IMUF 
asiMT     110«   7MINI.7MSX.MLEVS. (HLEVS(I) .I = 1»NLEVS) 

SET  H, 

V.X 
ILE 
LI. I 
IF 
H = H 

PPI 

I no 
if 
PPI 
nr 

.iS=0 :■ :. 
wS=ILF.VS*l 

iE = lLFV5-l 
(ILEV^.riT.NLEVO   AO   TO   S(9P 

ii EVSMI EVS) 

-lT      '/"1&.    H 

>€ = 0 , 
(<H.GF.ZMIN),&M0.(H.LE.^MaX))   GO  To   Ifll 

HT     310 
TO  "SQ  ■ 

C 
C      PREPSPr   THF   XT-TABLE 
c  .. ^ ■    ■,■.'■ ■,; .: 
loi     no '02 i=i.M 

no  '02 ,1=1 »M 
<T(t. I)=I|D 
IF (I.EO.M) r,o TO 10? 
IF (Z(I  .,J) .EQ.Rl AMKl nO TO 102 

: IF (Z(I*1.J) .EO.Ri AMif) r-.0   TO 102 
IF (((7<T.J)-H)»(7(t»l.J>-H)V.GE.O.O) GO TO 102 
XT(T»J)=-«BS(FLnAT(T-T)*((H-7II«.l))/(7<I*l.J  >-Z(I»J)Ml 

10?  CONTlNUF 
. C • - ' • ' 
C  PPEPIVRF THF YT-TAflLF ,- 
'C: 

00 103 1=1.M 
DO VÖ3 J=1.N 
YTtT« ))=ilO 
IF (J.Eo.N) GO TO 103 
IF (Zd.l  ).EQ.B|AMK) GO 10 103 
IF fZ(r,.l»l).EÜ.Bl AMk) GO TO 103 
IF (((Z(T.J)-H)»(7(I.J»1)-H)).GE.0.0) GO 10 103 
YT(T«J)=.AflS(FLO&T( )-l)*(<M-.7Ü.J))/(7(I  .J»1)-Z(I«JI)I) 

CONTIMUF 103 
c 

201 

20? 

203 

204 

rm 70i n=i»4 
ir(Ti)=o 
00 '07 1=1.M   ■ 
no '07 ,I=I.N 
IF (ZdtD.NE.H) r,0 TO 207 

COIIMT ENTOANCES AMD FXITS IN bURpOUNDlNG BLOCKS 

DO '02 I'=1.16 
n=TÖ(l2)»i 
IF (II.LT.l.OR.TI.GT.M) GO TO 202 
l,l=lP(I2)»J 
IF (JJ.LT.1.0R..IJ.GT.M» GO TO 202 

1F((XT(TT.JJ).NF.IIOI .OP. (YTtIl.JJ).ME.UD))IC<ni«IC«ll)»l 
CONflNUF 
IHOl 0 = 0 
00 206 I'=1.4' 
ird^t^MoOdCd') .2» 
IF (IC(I').EO.O) GO TO ?0<> 
IF (IHOLO.ME.O) Go TO 203 
IMOi 0=1? 
GO TO 206 
IF (I2-IMOL0.EQ.n GO TO Ü04 
IF (IHOLn.tO.l.AMn.T'.EO.^r GO TO 205 
GO TO',30l ., 
IF (I2»I'JnLO.EQ.5) GO TO ÜÜS 

234 

014360 
Ü14370 
U14380 
0143^0 
014400 
Ö14410 
Ü14420 
014430 
014440 
014450 
014460 
014470 
,014480 
014490 
014500 
014510 
Ö14520 
Ö14530 
Ö14540 
014550 
Ö14560 
Ö14570 
0145R0 
014590 
Ö14600 
014610 
Ö14620 
014630 
Öl4640 
Ö14650 
Ö14660 
Ö14670 
0146B0 
014690 
Ö14700 
Ö14710 
O14720 
014730 
Öl4740 
Ö14750 
Ö14760 
Ö14770 
Ü147H0 
Öl4790 
014800 
Ö14B10 
Öl4820 
014830 
014840 
014850 
014860 
014870 
014880 
014890 
014900 
Ö14910 
014920 
Ö14930 
Ö14940 
Ö14950 
Öl4960 
014970 
Ö14980 
Ö14990 
015900 
015010 
015020 
015Ö30 
Ö15Ö40 
Ö15Ö50 
015Ö60 
Ö15Ö70 
015080 
Ö15090 
015100 
Ö15I10 
015120 
015130 
015140 
015150 
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13- 

135 

1*>I 

1*5 

150 

155 

160 

16S 

170 

175 

180 

185 

IQO 

1^5 

200 

205 

<T(T3,JI--ÄBS(FLn<iT(T3-l>»«001) 
r,r\   ro ?07 

aos  n=T-i 

YT(l3.,)4l=-AHS(fLO*T(J4)».001) 
MO TO ?0 7 

JOt COM'IMUE 
ao' CONTIHUF 

c 
301 lL=-30 

;Ji.=-3o 
l<L = -3o 
XF=.iO 

c 
r CHMTILE   S   LI^T 
c 
30' CfiMTlnUF 

Oi   -"Ol   1^1.M 
no löi .1=1 .N 

if  («T(i..i).NE.iin) r,T   Tn   304 
KFYT2 
JF    rYTd.D.NE.Dri) r,n   TO   JU4 

30-> CnHTlNUF 

IF     <nOMF.EO.0l    PDlNIT        400 
no T0 4Q 

c 
30'' 1« = ' 

TF   (NFIBiOIKEY.T. ).KL«IL« JL»,LE.O)   GO TO  305 
T)( = 5 
T(I\=XF 
T(?>=YF 

305 IL=' 
M.= 1 

KL=^EY 

no   TO   (3.,<ft.307).   w-EY 
30A XFS,T(I. n 

YF= 1-1 

no TO 411 
30-' XF=T-1 

YF=yT(I. 0 
C 
C      ADO   A   nOTNT   TO   THE   l.tST 
C 
401 XSsvF 

YS=vF 
ISA\(E=I 
ISAuE=J 

•<SAV'E=KEY 
40» IF   ((IX-K»?».LT.O)   no   TO 

no TO am 

404 

403 CONTINUE 
T(ll=T(Iv-l) 
T(?)*T(Ty) 
TX = -' 

«04 IX=IX.2 
T(I»-l)iaHS(XSI 
TMxUAqMYS) 
IF   (I47.ro, 1)   Gil   TO   405 
TF   fIX.LT.6)   GO  To   40ft 

405 IF    (KSAVF.FO.!)    XT(T5AVE ,JSAVt)»ilD 
IF    rKSAVF.EQ.2)   YT(T54VF ,JSAVt)»llO 

40>S IF    (IX.En.?)   GO   TO   ^01 
GO   TO   (407.409),   «-EY 

C  THE DOINT I1; ON AN HoRT7nNTAL LINK 
C 
«O7   IF fXT(T, I) .GE.n.o) no TO 408 

XT(T..I» = «.RS(XT{I. p») 
no TO 5fti' 

40fl   XT(T».J)=UD 
00 TO 501 

c 
C    THE POINT IS ON A VfoTICAL LINK 
C 

015160 
OI5170 
Ö15180 
015190 
015200 
Ö15210 
015220 
015230 
015240 
015250 
015260 
015270 
Ö15280 
015290 
015300 
015310 
Ö15320 
015330 
015340 
Ö15350 
Ö15360 
Ö15370 
Ö1S380 
Ö15390 
Ö15400 
Ö154I0 
Ö15420 
015430 
Ö15440 
015450 
015460 
Ö15470 
015480 
015490 
Ö15500 
015510 
015520 
Ö15530 
Ö15540 
015550 
Ö15560 
615570 
015580 
Ö15590 
Ö15600 
Ö15610 
015620 
015630 
015640 
015650 
Ö15660 
Ö15670 
015680 
015690 
Ö15700 
015710 
015720 
Ö15730 
Ö15740 
015750 
015760 
015770 
015780 
015790 
015800 
Ö15810 
015820 
015830 
015840 
015850 
015860 
Ö15870 
615880 
015890 
015900 
Ö15910 
015920 
015930 
015940 
015950 

235 
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210 

z\s 

220 

22S 

23.J 

23S 

2'»ü 

2*S 

25Ü 

2S5 

2f>v» 

26S 

27C 

275 

23' 

2H5 

«»0° 

41.! 
C 
c 
c 
501 

50? 

501 

504 

IF   (VT(i..)wriE.ri.i)   r,o TO  »10 
YI(>. l) = iR^(YT(I. 1)1 
r-,0   TO   SOI 
YT.(T?J)ii)0 

tMTn  ^OX   -   1^  THF^E   a  u/4Y   OUT 

ISA"E=J 

r,o  TO   m"?.60ll .   "f.v 
CnNTIMUF 
ir   (LH.fo,?)   GO   To  <^S 
IF   (J.EO.Ml   r.O  TO  7"! 
IF   f)(T(!.J»l).EO.MDl   RO  TO   50J 

<<;=' 
<i«(M=>CTrT.J«l) 
SV(')=J 
COMTlMUF 
IF   (YT(f..l) vFO.HOi   r;o  Tn  bU4 

S«C)=I-1 
qy(o)=YTfT.J) 

IF   't.Fn.w)   OO  Tn S"* 
IF   (YTd.l.Jl .EO.IIO)   CO  TU  510 
K4 = v-H»l 

syc>>=i 
Syn»=YTII«l.J» 
i-iO TO 501 

50S   CONTINUF 
IF   (J.En.H   GO   TO   7fM 
IF   (XTd.J-n.En.nD)   GO   TO  500 
*H=.cH«l 
<S = '. 
SX(i>=XT(I.J-U 
t;y(i)=j.3 

50^       CON'lNUE 
IF   fYT(I..I-l> .En.nO)   GO  TO  50' 
Ka=wH»l 

sxmsi-t 
SY(7)=YTyi.J-l) 

507   COMTlUUE 
IF (l.EO.M) GO TO 50« 
IF fYT(I.l.J-ll.En.iiO) GO TO SOB 

<■: = <; 

s«n)=:i 
SYC>1=YT(I»1.J-1) 

500   IF (KH.Fn.O.OH.^H.EO.?) GO TO 701 
IF fKM.NF.l) CALL FlUR (T'lX.bX.SY.KS.KEYI 
Gr> TO (5it).5I0«SUf512.5l3«51'»l . KS 

50«   KFy^l 

l = .J.l 
GO fO 5lA 

51"   'Fy^a 
LQ = -> 
GO TO 51', 

511   <Fys2 

1 = 1.1 
La = i 

GO rO SI*- 
51?   KFysl 

Lq=5 
GO rO 51 c; 

5 n  '<,i-"y^2 

GO TO 51^ 
5li   <FyI:2 

1=1.1 
l.or, 

5|S   KS = 'fS-3 

,l=J-l 
S|f,  XS==;X(KSI 

015960 
Ö15970 
Ö159R0 
015990 
016000 
016010 
016020 
Ö16030 
Ö16040 
016050 
016060 
016070 
Ö16ÖS0 
Ö16Ö90 
016100 
Ö16110 
Ö16120 

Ö16130 
Ö16140 
016150 
Ö16160 
0161/0 
016180 
Ö16190 
Ö16200 
Ö16210 
Ö16220 
016230 
Ö16240 
016250 
ÖI6260 
Ö16270 
016280 
Ö16290 
Ö16300 
Ö16310 
Ö16320 
Ö16330 
016340 
016350 

Ö16360 
Ö16370 
016340 
016390 
016400 
C16410 
Ö16420 
Ö16430 
Ö16440 
Ö16450 
Ö16460 
Ö16470 
Ö164R0 
016490 
016500 
016510 
Ö16520 
Ö16530 
016540 
Ö16550 
Ö16560 
Ö16570 
016580 
Ö16590 
Ö16600 
Ö16610 
Ö16620 
Ö16630 
Ö16640 
016650 
016660 
Ö16670 
016680 
016690 
016700 
016710 

016720 
Ö16730 
Ö16740 
Ö16750 

2313 
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?.1^ 

30 3 

3liS 

31 j 

31S 

32-i 

J?S 

330 

33,i 

3*" 

m 

35.1 

y v, = ^ 1 ! r. ^ i 

I^':SG-? 
fin   TO   4"-3 

c 
c 
60 i Cij-irlr.ilJF 

yr   (L''.F-.?)   SO   Tn  .'.-A 
ir    d.F.n.M*   CO   TO   7'! 
ir    .XT(T .   11 .FO.'lOi    r.n   Tn   bu? 
<M=^H»1 
«=;=1 
^<(i)=«T(1,J) 
■:;v( i )=,J-1 

60? COM' Ijur 
1^   (J.Kn.')l   RO   TO  6'.i 
If   (Xr (i .j*l).F.o.iil)(   r,o TU ft"! 
<M=^H»1 

<;«(o)=XT:( i . J»l) 

f,0 i COM'IfJUF 
If    11.F1;M)    r,(l   TO   6."7 
Tf   (YTd.l.Jl.Ev.ni))   r.O  TU  Ml 

c;y(-,)=VT(T.|.J) 
fin   TO   617 

60'. COM'INMF 
ir    (I.tO,\)    00   TO   7M 
IF    rXT(I-),J).FO.MOI    fin   TU   6nb 

syc)=XT<I-l.J) 
<;y (■)-i-i 

ftO^ 
r^   (JiEn.M)   fiO   TO  6-^ 
ir    f'XT( r-.l .J»!) .Fn.ilnl   fiO   10  606 

^»(rl-XTM-l-J*1) 

60«. COM'I    DF 
tr   (YTtl-I.JI.EO.'iOi   no  TU  60/ 

qv(T)=YTIT-l.J) 
6(5^ CONTlfil.lF 

JF     fl<H.F.T.P»OW.KH.FO;:?l    GO    TO    701 
If    (KH.W^.l)   C0II    FviD    (T«lX.b<.SY.KS KtY) 
fi)   '0    (ft-rt.bii'*.    lii.M1.6K«6|J)«   "-^ 

60'-i 
(.■' = ' 

'„i   T'O   61- 
60" <FY-1 

'l=J.l 
fil-i    -rO    6 1'" 

61 ^ "(FY-2 
I=t.l 

fin   -0   61- 
611 <FY = 1 

fiO   TO   61. 
61? <FY-1 

fin   TO   61'. 
613 <FY :? 

1 ^ = -. 
6l<. 1 = 1-1 

«•^ = "•5-3 
6|^ X'; = c:X(KSl 

YS = -.-Y{<Sl 

fiO   'O  <>«? 
C 

C ^n unijr   POT'.ITS 

237 

016770 
Ö16780 
016790 
016800 
016810 
016820 
016830 
016840 
016850 
016860 
Ö16870 
016880 
016890 
Ö16900 
Ö16910 
Ö16920 
016930 
016940 
616950 
Ö16960 
Ö16970 
Ö169H0 
016990 
017000 
Ö17010 
Ö170P0 
017030 
017040 
017050 
017060 
Ö17070 
017080 
Ö17U90 
Ö17100 
Ü17110 
017120 
017130 
017140 
017150 
017160 
017170 
VI7180 
J17190 
017200 
017210 
017220 
017230 
017240 
Ö17250 
017260 
017270 
017280 
017290 
017300 
017310 
017320 
Ö17330 
Ö17340 
017350 
017360 
Ö17370 
017380 
017390 
017400 
Ö17410 
017420 
017*30 
017440 
017450 
017460 
017470 
ÖI 7480 
017490 
Ö17500 
017510 
017520 
Ö17530 
Ö17540 
Ö17550 
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'1 

v 

I 

ifc 

701 

:'   ' 

375 

380 

38S 

390 

395 

400 

405 

410 

415 

420 

80? 

C 
C 
901 

If (NFIRnO(KF.Y.t, l«KL.IL»JU .LE.O) GO TO 7U4 
IF (K.LT.fi» GO Tn ■'04 
IF (TID.EQ.TdX-ll .AMr).TI<!).tQ.T(IX)) GO 10 704 
IX=TX+2 
T(I»-n=:iifiS(XF» 
T(Ix)=ABS(yF» 

c 
r,o TO <7n?.703». ^EY 

70? XT(rf.J)=l|D 
no TO 704 

701 YT(T«,l)=lin 
in TO (T'?.704). iFtan 

704 147-2 
C 
801 LLI^E=Mnn(LLTNE, n) 

no 

i?o 

90? 

c 
1 

100 
20P 
100 
4on 
501 
c 
99° 

ir (IX.Nir.?) 60 To Qn 1 
TF (LR.Fo.?) 60 Tn ^P? 

r,0 TO 501 
!F(vEY .FO, 1) XT(I. 1) = 
IF(i<EY ,Fn. ?l ,'T(I. () = 
60 TO 9O-> 

HO 

inoME=inrii-jE»i 
CSLl LINC (T(2).T(l).IX/Ztü. IUINF.LLIME»XHIN.XSIZE.YM1N,YSI2E..06) 
IF (IDONF.fjT.I) 6n TO 9m 
Y
<
;YI/8-=Y<;YMB-O.2 

IF IYSYMO ,Lt. n.\   110.12(> 
Y
I
;YSIB=YP-.? 

XPLT=XPLT*?. 
C»Ll. SYMROL (XPI.T »YSYMR'O'Oa.LLlNF^O.O»-!) 
C4LI SYM=inL(3H0l.r),T-inLD.,Ö9«lH=»(l.«l) 
EMCÖOE(IRtl.ISYM) ri 
CALl. SYMqOL(3HOLn.3MOLn,,U9.TbYM,O.O.lO) 
OOIMT  5'>0. LLIME 
IF(I47 ,co, 1) 60 TO 403 
IFHG=1 
I = I| 
.I=J| 
l<FY=:KL 
60 TO 301 

FÖR'JAT(610.3) 
FOR-.fAT (»IHEGIN CoNTntIB PLÜT»«2Gl3.5.TS/(bX, 10')I3.5)) 

FORMAT (• C0NT0'IB»t6l3.S) 
FORMAT (lOXt'OUTStOF 6RI0#I 
FO<?«AT (I0X«»NO DATA») 
FO««AT (lOX.'PLOTTEn CHJRAC;TEH«»I3) 

BFTliRN 
ENO 

017560 
017570 
Ö175B0 
017590 
Ü17600 
Ö17610 
017620 
017630 
Ö17640 
Ö17650 
017660 
Ö17670 
017680 
Ö17690 
Ö17700 
Ö17710 
Ö17720 
0177.10 
017740 
Ü177?0 
017760 
017770 
017780 
017790 
017800 
Ü17810 
Ü17820 
017830 
017840 
017850 
Ö17860 
017870 
017880 
017890 
017900 
017910 
017920 
017930 
Ö17940 
Öl 7950 
017960 
Ö17970 
017980 
017990 
Ö1SOO0 
018010 
Ö18020 
Öl 8030 
018040 
Ö18050 
Ö1S060 
Ö1B070 
018080 

238 
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E.19   SubroutiM NEIBOR 

16 

15 

2(1 

25 

= 0 

70 
«5 

q0 

no 

PIINICTIOM   MFIHOR    (KA,TA.,l*«Ke.lH..lB) 

MFIQO»=-)      IF  NOT  NflGHROHS 
NFrn0«   =   1      IF  NFtnunn1»? 

OI^rNSIOM  Kl(l*(.K2f)'») tIlll4)«JT(l<tl 
D«Tl  K1/1.1.1«I.1.1.».2.2»2«?»2«1»?/' 
0»T«   K2/).1.2»2.?.2.1»l.l'»«2»2.1»2/ 
OAT«   IT/^.0«0»0.1.1.0.0.-1»-I»   1.-1.0.0/ 
OATi   JT/-l.l.0i-l.-l.C.l»<)»l.U.ft,0f0.0/ 
in = in-iA 
)0   =   JB-.JA 
no »o l=i.i* 
IF fKA-Kl(1)) 00,^0.«0 
IF (KH-KXI) I Bf.ftO.RO 
IF (IDTITU)) 80.70.HO 
IF (JO-JT(I)l flO.oO.RO 
CONTINDF 
NFIROR = -1 
r,0 fO 1(>0 
MFInOR = 1 
RFTMRN 
CONTINUE 
RFTHRN 
FMO 

oiaoQO 
6)8100 
ÖldllO 
ül«120 
01B13Ü 
018140 
Öl 8150 
Öläl60 
Ö18170 
018180 
018190 
Ö1B200 
018210 
018220 
Ö18230 
018240 
Öl 8250 
Ö18260 
018270 
Ö18280 
018290 
ÖI8300 
Ö18310 
018320 
älH330 
018340 
018350 

E.20 Subroutim FOUR 

10 

15 

20 

SUBROUTIME FOURd.IX.SX.SrtKS.KEV) 
OIMrNSION T(150>.t;X(3).SV<3) 
IFCTX.GE.*) GO TO 49>> 
KS=' 
RFTuRN 

1,9« SLOoT=(T(IX)-T(IX-2))/(T(lX-l»-T(IX-3)l 
00 ^IS Tl=1.3 
XS=ABS(=»«I1)» 
YS=«aS(SY(Il)> 
SlOnE»<T(IX»-YS)/(T(TX-l)-XS) 
IF(<;LOPT»SLOPE .LT. 0.0) «0 T« 515 
IF(<Ey.Fo.I .*Nn. il.EO.H GO TO 515 
IF(*EY.F1.? .ANH. M.E0.3) GO TO 515 
IF(KS.LF.3) GO TO 1 

RETURN 
I K<i=Tl 
RETURN 

SIS CONTINUE 
RETURN 

.  ,. ENO 

018360 
018370 
018380 
«18390 
018400 
018410 
018420 
018430 
Ö18440 
Ö18450 
Ö18460 
018470 
018480 
018490 
018500 
018510 
Ö18520 
018530 
018540 
018550 
018560 



ir    (MVGFT«(TIM.I.l)    .FD. 
-'■ir, 1Df ( p.l .=.YM)|_,   TIM 

qy./..L = TI J 

F;H3-.4T(r,l "..^l 

bbm   GDTO   1.0(1 
UldTSü 
01iä760 
üld770 
oiavao 
Ü187Q0 
uinaoo 
018«\0 
Ü18H?0 

240 
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3 
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ID 

PROGRAM  T30ITAPE3,0UTPUTI  
C  REVISION-—SEPT   16,1975 —" 
C  PURPOSE DISPLAY   VALUES  OF  Fl  «ND  FZ  FROM   TAPE3   (TEHP5  OUTPUT» 
C USING  LINEAR INTERPOLATION  BEtMEEN  TINES. 
C _iyBROUTINE"^ _^  

"C RTÄPE3 
 INTEGER  DATAIN(100,3I  

EQUIVALENCE(II,DATAINI 
DATA  IT3/3/ 
REMIND  IT3 
REAOIIT3)   DATAIM 
TLAST=TNEXT=0. 
IP=1 

15 
DELT=.1»TAUNX 

jmiTE  l.NO.NMX.DTAUB.TAUMX 
DO  100  1=1,10 
T»DELT'I  
CALL RTÄPE3«T» 
WRITE Z,T       

20 

25 

MRITE 3f«FlfJI,Jst,61,10) 
WRITE 3,(FZ<J>,J»1,61,10I  _^_ 

iiJÖ    CONTINUE 
1 FORNATdHl,»  N0=»I3»,   NHX«»I3», OTAU0«»E13.6»  TAUNX»*E13.6/ 

♦•   VALUES  OF  Fl   AND   FZ   AT   1,11,..,61*1 
FOPHATi/»  TAU»*E13.6>  
F0RHAT(/(iiE13.6l> " 
ENn  . 

;|||ÄilÖ^i^Ms 
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Ä(W» i4ir Development Center 

MDC plans and conducts research, exploratory and advanced 
development program in command, control, and couimmications 
(C3) activities, and in the C3 areas of information sciences 
and intalliijence.    The principal technical mission areas 
are cotmonications, electromagnetic guidance and control, 
surveillance of ground and aerospace objects, inteUigence 
data collection and handling, information system technology, 
ionospheric propagation, solid state sciences, microwave 
physics and electronic reliability, maintainability and 
compatibility. 
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